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This little book was originally iiTitten in the year 1B56, over 
since which time it has had an estenaiye and continuous sale, 
both in this country and in America, and has been especially 
used by large numbers of working electro-platers in manu- 
factories of electro-plated articles. 

As during the last few years the process of electro-plating 
has been somewhat modified by the development of the dynamo- 
electric-machine, it has been considered desirable to make some 
additions to, and alterations in, the original text, so as to main- 
tain the value and suitability of the book for the class of readers 
for whom it was originally written. With that view, the desired 
additions and alterations have been made by a competent 
authority on the subject. The chief additions will be found 
on pages 37-38, respecting the thermic relations of electrolysis, 
and on pages 44 to 55, relating to dynamo-electric machines. 
Several useful tables have also been added at the end of the 
book. 
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ELECTRO-METALLURGY. 



THE THEORY OF ELECTRO -DE POSITION. 

IntToauctory EemarkB. — As the ultimate objeut of thia tceatiae is to 
enable the readei' to work hi iia electroplate maaulactory in a, com- 
mercially successfn] mamier, we shall endeavour to inclade within 
its pageB, B^ far aa the limited space will allow, every portion of the 
subject calculated to assist him in obtaining that result, exclnding 
from it every other portion which does not contribute towards that 
object. 

With this view we shall inclnde the principles or Iheery at electro- 
deposition, because every workman in an electroplate mauoiactory is 
certain to meet with diHculties. which no amount of practical know- 
ledge or experience will enable Mm to overcome without a perfect 
knowledge of the theoretical principles. These difficulti«a may be 
new onss, such probably as he has never eeeu before, and no doubt, 
in some cases, such as no one else has ever seen ; a knowledge of the 
theory will here enable him to apply its principles to the difhculties. 
Mid suggest remedies, some of which are almost sure to be succesBfal. 
We shall also include the practice of the aabieiA-, \«Ka.>Jse., fi.'M^ vJvV, 
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BDOoesa depends on careful mampnlatioii ; for with ever ao com 
plete Br knowledge of prineiplea, witbout a perfeot knowledge of the 
&pplioittioa of those pdaciples in the form of praotioal rales and 
prootical mikmpa!o.tiou, aucoesa cannot poasiblf be attsined. With 
the BBme end in view, we shall avoid Baying anything about the 
hiatory of Che snbjeot. or the claimB of rival discoverers or inveatora, 
these being subjects for the hiBtorian. Neither ahall we say miifih 
about the electro -deposition of rare metals, or about any collateral 
branches of the subject, excepting only so far as they are capable of 
illoBtrating the subject in a direct manner, or of otherwise furtheriii;; 
the object in view. 

To enable the reader to master each portion of the subject as he 
proceeds, we have bo arranged it that every portion ahall be, so far as 
it goes, complete in itself, raqnirLog no anticipatory knowledge of 
more advanced parts to enable biin to onderstand it. 

The only arrangement of the subject which admita of thia impor- 
tant object being attained, is to treat of the theory before treating of 
the practice, and by arranging the theory in an iiidv^ive order. In 
other words, we shall commence with the various classes of facta on 
which the electro -deposition is founded, and ascend from these to 
Lhe general laws or principles, chemical or electrical, which govern 
them. Proceeding from the theory to the practice, arranging all in a 
■fedvetive order, and applying theoretical principles in the form of 
j>rBatical rales, tbe results cannot he other than ancceaaful. Beginning 
with the more general rules which apply to all electro-deposition 
pcDoesses, and to the electro- deposition of all metals, and proceeding, 
step by atep, to those more special rules of manipulation which are 
required for the working of particular metals and solutions, the 
necessary acquirements for the prodaclion of the more difiiault sub- 
stances and more complicated worka of art will be attained. Through 
the whole treatise, the reader will tlios be led gradually from the most 
common and well-known facts to the most complex and difficult 
applications of electro -deposition, 

In accordance with this plan, wq will commence with a statement 
of such facts of electro-deposition &s every man poasosaing the few 
neoesBary materials, which are easily procurable, may readUy verify 
for himself. On these facts the whole subject thronghoat will be 
hased. From them we shall proceed to the circumstances or condi- 
11003 under which they occur, namely, the causes of electro-depo- 
sition. The principles will be inferred from tbe facts as we proceed, 
until we arrive at the more abstract conditions of the phenomena. 

The facts will be based on ntimerons experiments, in whioh 
instances where deposition does occur, as well as experiments in which 
it does not oocur, will be cited. These investigations will satisfy the 
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ceodet tlutt in all chbss where deposition does occur, certBin oon. 
ditions are invariably present ; aad where it does not occur, one or 
more at thoae oonditioag is invariably absent ; and therefore, that the 
cooditlons observed are tbe caoses of the phenomena. Another and 
more nltimate reasoa for mentioning negative as well as positive 
inEtanoes is, that in practical working it is nearly as importsjit to 
know what will prevent deposition, &b to know what will prodace it. 

The following table exhibits the phenomena of electro- deposition 
arranged in an inductive order, suitable for learning the subject thso- 
reticaily, and without immediate reference to its practical applica- 
tions. The first portion of the table contains the /acts of electro- 
deposition, divided into seven c1u,bsoh, under which may be ranged 
the whole known facts of the aoience. The second portio: 
the principles or cmuiitiona under which those facta ft 
these are also divided into seven classes, which are capable of including 
all the known conditions or causes of electro -deposition. 

le metal and one liquid, 
'o metals and ooe liquid. 
.0 metftl and two liquids. 
lo metals and two liquids. 

5. Deposition by connecting either of the foregoing arrange 
(except the first) with a separate depositing Uquid. 

6. Deposition by connecting other sources of depositing power with 
a separate depositing hqnid. 

7. Deposition by combinations of the foregoing. 

B . — P RTH CULES. 

1. Chemical conditions of deposition. 

2. Electrical conditions of deposition. 
S. Thermic conditions of deposition. 
i. Mechanical conditions of deposition. 
5. Mathematical conditions of deposition. 
0. Lexical conditions of deposition. 
7. Ontological conditions of deposition. 

This arrangement has been used with m.uah success in teaching the 
theoretical part of electro-depositiou, enabling the pupils to understand 
each portion clearly as they proceeded. The plan adopted was — 

First, to exhibit before the pnpOa numerons experiments of each 
olasB of facts in succession, including positive cases in which depo- 
sition did occur, as well as negative ones in which it did not occur. 

Beoond, to place each of the theoretical principles in succession 
before them in the form of a hypothetiaal question, referring them to 
s tacts on which it is founded, and leaving them to obsecvs 
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for themselveB whetber or not the principle there stated wbb borne 
out, allowing them to draw their own DonolnsionB. By this method 
they were eoon led to observe, tbat, wherever deposition occnrred, cer- 
tain oonditiona were present, and that where it did not ocuur thoee 
ponditionB were absent. 

When treating of the laws and principles oF deposition, the reader 
will be referred back to the taots upon which they are based ; so, when 
liescribing its praotioal appUoatione, he will in like manner be referred 
to the laws or principles for his gnidonce ; his knowledge of the practice 
will thus be based in a great meaanre upon the principtes. and the 
principles will be deduced from the facts, which, as we have said before, 
are within the reach of every one to repeat and prove tor himself. 

The practical part will treat in succession of the general roles lor 
workii^ all ths different processes of washing or depositing, whetber 
by single cell, battery, or other prooesB. The requisites for preparing 
good depositing solations, both far simple metals and alloys, with 
methods of makiug solntiona generally, and of working them ; suitable 
Boarcea of electricity, including the dyuajno-electric machine, voltaic 
batteries, together with their oonstTuotion i as " ' 
regulating the quantity and pressure of the c 
qnautity and quality of the deposited metal ; clea 
metallic Hurfaces for reoeiving adhesive and it 
copying works of art in various substances ; elasl 

tiou of non-conducting surfaces to receive a deposit ; multipUontion of 
works of art by deposition ; deposition by the variooB processes, of auoh 
metals and their alloys as antimony, bismuth, zinc, cadmium, tin, 
lead, iron, cobalt, nickel, copper, brass, german silver, mercury, silver, 
gold, platinum, and palladium; chemical relations of the cyanides of 
gold sJtd silver; manufacture of cyanide of potasBium ; recovery of gold 
and diver from damaged solutions, itc. 
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1. Pacta.— One Metal in One iiyuii.— There are various modes ii 
which deposition of ono metal upon another may take place, and H 
may be classed as follows : — 

1st. By the simple immersion of one metal i 
liquid (Fig. 1), namely, by putting the metal tO' 1 
coated into a solution of the metal to be depoaild 
and aUowing it to remain a longer or shorter p 
of time, the liquid being at a suitable temperat 
for instance, if we immerse a piece of clean i] 
a solution of Bulpha.te of copper, it will become o 
with copper, but if we irameree a piece of silve 
Fio. 1. thftt liquid it will not become coated. 



3nd. TwoMetaUinOneLiqidd. — Bribe 
liquid (Fig. 2), the twa ineUlB being in 
ocmtact witb eacb other ; for instance, 
it we conneot a piece of silver A and a. 
place of iron B together, and immersa 
them in a aulutioa 
of solpbate of cop' 
per C, the silver 
will become coated 
with copper as woU 
as the iron; but if a. 
piece of silver in 
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piece of gold or platinum is immarBcd in the 
same liquid, it will not become coated. We have 
already seen that silver immersed alone in sooh a 
llgoid will not lece ive a deposit of copper. 

3rd. One Mclalin Twa Liquids.— Bjiha immer- 
sion of one metal (i.e., one kind of metal) in £100 
liquids D and E (Figs. 3 and i), tbe liquids being 
prevented from mixing with each other either by a 
porous partition F (Fi^. 9) of bladder, thin tvood, 
nnglazed earthenware, or other porons material 
^ which will allow the two liquids to toach each other 
Fio. 4. throagh its pores ; the piece of metal being either 

bent so as t« dip into each liquid, or cut into two 
portions, and its two ends nnited by a wire C, the end or piece to re- 
oeive the deposit being immersed in one liquid, and the other piece in 
the other liquid (Fig. 3) ; or the two liqnids being put in a deep narrow 
vessel, the heavier one being poured in first, sjid the lighter one poured 
oarefnlly above it bo as not to miT them together, and the piece of metal 
being in the form of a rod or wire placed verticaUy in the two liquids 
(Fig. 4.) ; for instance, if the lower liquid consists of a solution of 
sulphate of copper and tbe upper of dilote Bolphnric acid, and a piece 
of copper is immersed in both liquida, that part of it which is in the 
sulphate solution will become coated with copper, whilst that in the 
ftcdd liquid will be partly dissolved ; but if, instead of copper, we use a 
piece of platinum, it will neither be dissolved nor receive a metallic 
deposit. 

1th. Two Metala in Tvk Liguids. — By the immerHion of two metals 
A and B (Fig. 5) in two liquids. D and B, the two being, aa in the 
last arrangement, either separated by a porous diaphragm F, or 
ptrared one above the other, the two metals being immersed one in 



h liquid, and connected together by a wire C ; for ii 
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liquid ie dilate iolphoric acid, and the cither a eolation of Bulphate of 
copper^ and a pieca of ooppeF is iminerBGd in the dilute a^sld and & 
pieoe of silver in the metallic Bolntion, the two metals being thns in 
mntnal contact, tlie piece 
L ofoopper will dissolve, and 
I the silver receive a deposit 
■JIB of copper; but it we iin- 
ie a piece of plntinum 
Ji the dilute acid with the 
silver in the aalpliate boIu- 
10. the platinum win not 
dissolve, nor the silver re- 
'■^i*- ^- ceive a metallic deposit. 
5th, StparaU Dcposiling Liquid. — By connecting any one of tha 
foregoing arrangements, ezcepb the £rst, by means of wires with 
two separate pieces of metal af a similar kind immersed in % 
Bopacate and snitable liquid (Fig. 6) ; for instance, if we take the 
acroDgement of two metals in one liquid, such as iron 6 and copper 
C, in a solution of snlphate of copper A ; or zino B and silver C in 
dilnte salphuric acid A, and connect them by two separate wires D 
and B with two pieces of copper D and E immersed in a solution of 
sulphate of copper F contained in a separate vessel, the piece of copper 
E connected with the eilver will dissolve, whilst the other piece D 
which is connected with the zinc will receive a deposit of copper ; but 
if ws snbstitate a solution of snlphate of zinc, freely acidulated with 
snlphnric acid, for the solution of sulphate of copper F, and two pieoM 
of platinnm for the pieces of copper, the one piece of platinum will not 
dissolve nor the other receive a metallio deposit. 

6th. Separate Depositing Lifaid loith any other Simree of Power. — ^By 

connecting the pieces of metal in the separate depositing liquid with 

any other source of depositing power, snch as a dynamo, or a battery. 

2. In these arrangements it will be observed that we have — 1st, 

3 metal and one liquid; 2nd, by two metals and ona 

me metal and two liquids ; 4th, by two metals and 

o liquids ; 6th, by a separate depositing liquid and 

itals connected with either of these; and 6th, by a 

separate depositing liquid and metals connected with 

any other source of depositing power. These six classes 

and their combinations are capable of including all the 

known cases of electjo-depoaition. 

'i. Under the head of each of these classes will be 

mentioned a number of experiments with various metals 

and liquids; and it would be advisable for the student 

experiments, as he proceeds, both of deposition and non. 
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depoBJtion of each dass. in order to fl<i the faots more Arml; in Ma 
memorf , and give bim a fuller comprehenBiOD of the principles. 

4. Dspadtliie: Arransemeiit, Ko. I. — Depoeition by one metal and 
ooe liqnid (Fig 7) taki-t place in the following inatancBB : — 

HydTochloraU uf Terehloride of Antimony, — In a Bolntion of hydro- 
i)lllorat« of terchlonde of antimony (the ordinary ahloride of antimony, 
KB prepared for pbarmaceiltical purposes), bismnth, zinc, tin, lead, 
brass, and genuan silver become aaated with untimen; ; whilst anti- 
mony, iron nickel copper, silver, ^old. and platiniini do not bceome 
coated. 

Chlond ej Bismuth In a, eolntiou of acid bydrochlora.te of bis- 
muth oxide (ahloride of biBmnth), zino, tin, lead, and iron deposit the 
biemnth npon themselves, whilst antimony, bismnth, copper, brass, 
germaa sUser, gold, suid platinnm do not, 

Suipkaie, Chloride, Nitrate, or Acetate of Zinc — In a solution of 
either snlphate, chloride, nitrate, or acetate of zino, neither antimony, 
bismuth, zinc, tin, lead, iron, nickel, copper, brass, german silver, 
silvBT, gold, or platinmn become coated with zinc, 

Frolachioride of Tin — In a solution of protocbloride of tin, zino and 
lead become tinned; whilst antimony, bismuth, tin. iron, nickel, 
copper, brass, german silver, silver, gold, and platinnm receive no deposit. 

SypoaUralt, NUrai^, or Acetate of Lead.— hi a solution of hyponi- 
trate, nitrate, or acetate of lead, zino receives a coating of lead ; whilst 
antimony, bismnth, tin, lead, iron, nickel, copper, braes, german 
■liver, silver, gold, and platinnm receive no deposit. 

Ferrous Sv.lfltiUe.—'" Zinc." as Fischar aays, "immersed in a par - 
feotly nentrol solution of ferrous sulphate (protosulphate of iron) 
oontained in a stoppered bottle, throws down metallic iron, which is 
deposited partly on the zinc ; " but in this solution neither antimony, 
bismuth, tin, lead, iron, nickel, copper, brass, german silver, silver, 
gold, or platinum receive any metall ic deposit. 

Saiphate of Copper. — In a solution of sulphate of oopper, ziuo, tin. 
lead, and iron become coated with copper ; whilst antimony, bia- 
muth, nickel, copper, silver, gold, and platinum do not. 

Chloride of Copper.— Ta a solution of chloride of oopper, biamnlh, 
zinc, tin, lead, and iron receive a capper deposit ; whilst antimony. 
nickel, copper, silver, gold, and platinum do not. 

NitrrUe of Copper. — In a solution of nitrate of copper, zino. tin, lead, 
and iron become coated; whilst antimony, bismntb, nickel, copper, 
■ilver, gold, and platinum receive no deposit. 

Dk/Uoride <(f Copper, — With a solalion of dichloride of oopper in 
liciuid ammonia, or of oxide of copper in a solution of sal-ammoniao, 
zinc receives a deposit; whilst antimony, bismuth, tin, lead, iron, 
nickel, copper, silver, gold, or platinum do not. 
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JUereuroHS SaU3. — &olationa of mercaroas salts have their metal 
deposited by arsenic, antimony, bismath, zino, cadmium, tin, lead, 
iron, copper, and braSH, also by the alloys o£ silver with aino, tin, lead, 
or copper. 

Nitrate of Mcri^ury, — A solution of nitrate ot mercery yields its 
metal to bismuth, zino, cadminm. lead, iron, or copper, and. if acidu- 
lated with nitric acid, to antimony also ; bat not to silver, gold, or 
[datinnm. 

AceCaie of Jtercary. — Iron depoeits meicury from a, solution o£ 
acetate of mercury. 

Silver Solutions.— Tbs following metals, tIk., manganese, arBenio. 
antimony, bisranth, zino, cadmium, tin, lead, iron, copper, and mercury, 
deposit silver from its solutions in the mntallio state ; an aqueous scla- 
tion of nitrate of silver yields itsmetal to manganese, iirHeuie. antimony, 
Insmuth, zinc, tin, lead, iron, nickel, copper, brass, and german silver ; 
bat not to silver, gold, or platinum. Lead and tin deposit the silver 
most qaicldy 1 then follow the other metalii in this order, cadmimn, 
eIdc, copper, bismuth, antimony, arsenic, mercury, Arsenic depoaita 
silver from the alcoholic solation of nitrate of silver ; antimony 
receives a coKtin^ of silver either in the aqueous sulphate or alcoholic 
nitrate ; bismnth deposits silver from the alcoholic nitrate, but not 
from the aqueona sulphate; zino receives a sliver depoait in the alco- 
holic nitrate ; tin becomes silvered in the alcoholic nitrate, but more 
qoiokly in the aqueous sulphate; icon deposits silver from the sul- 
phate of silver; bnt not from alcoholic nitrate; copper deposits it 
from the aqueous sulphate of alcoholic nitrate ; brass and the alloys ot 
silver, with zinc, tin, or lead, deposit silver from silver solutions com- 
[detely. In a solution of the double cyanide of silver and potassium 
(the ordinary plating liquid), zinc, load, and copper become silvered ; 
also brass and german silver, but more slowly : whilst antimony, bis- 
muth, tin, iron, nickel, silver, gold, and platinum do not. 

Oold Solutions. — From, an acid solution of terchloride of gold, moat 
of the base metals, likewise mercory, silver, platinum, and pallailium 
depoait gold, generally in the metallic state, but not always ; arsenic 
rapidly deposits gold in this aolntion ; antimony, tellurium, and bismuth 
become gilded ; Kinc, cadininm. lead, iron, cobalt mercury, silver, 
platinum, and palladium deposit tlie gold. In a solution of the double 
cyanide of gold and potassium, zincquiokly becomes gilded, and copper, 
brass, and german silver slowly ; whilst antimony, bismuth, tin,. lead, 
iron, nickel, silver, gold, and platinum do not. 

Bichloride of Pln^iTium. — ^Platimim is deposited from a solution of 
its bichloride by arsenic, antimony, tellarinm, bismuth, zinc, cadmium, 
tin, lead, iron, cobalt, uiokel, copper, brass, german silver, merenry, 
and sUver ; but not by gold or platinum. 
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5. Obser-Batums upon Class tjf Instances, No. 1. — In reviewing all thsBa 
instanceB, we may make the foUowing Dbservationa : — ^lat, that various 
metals by mere immersion in solationa ot other motala, at tlie ordinary 
temperature of the atmosphere, aonaetimes become coateil with a 
deposit ot metal, and sometimes not ; 2nd, that no metal becomes 
coated by mere immersion in a solntion of the same metal — -for in- 
stance, zinc does not become ooated with zitic in a eolation of aalphate 
of zinc ; copper with copper in a. solntion of its anlphate, gold with gold 
iu its chloride; 3rd, that the baser metals,' especially zino, cadminin, 
tin, lead, and iron, become coated more frequently than the noble 
metals, especially gold and platinum ; 4th, that solutioiis of base 
metals, eipeoially of zino and iron, yield their metal less frequently 
than those of the noble metals, eapecitiUy those of gold and platinum ; 
5th, that of all the ordinary metals mentioned in the foregoing in- 
ntancos. vAac deposits metal from the greatest number of Holntious, and 
appears to have the strongeat depositing power ; Sth, that the coherent 
and adhesive deposits obtained are in all cases eiceediiigly thin ; and 
7th, that oftentimes the deposited metal, whatever its kind may be, 
has the appearance of a black or dark- coloured powi' 
especiaUy when it has been deposited, very rapidly 
times it exbibita its ordinary colour and appearanc 
outer portion is rubhed oft. 

6. To this mode ot depositing belongs the process ot tinning brasB 
articles (wash tinning), by boiling them in water containing a salt of 
tin and hitartrate ot potash ; the process ot silvering brasH nails, but- 
tons, hooks and eyes, buckles, Ac, by rubbing them with any ot the 
well-known silvering compositions moistened with water; also the 
water gilding process, &c. 

7. DepoBlIlng Airangement, Ho. 3.— Deposit inn 6j Two Metah aiid 
Oik Liquid.— Tiie following instances belong to the class of deposition 
by two metola and one liquid, the tno metals being 
either in mutual contact {touching ea,Gh other either 
above or beneath the liquid), or connected by a wire. 

Chloride of Anlinumy. — For instance, if we immerse 
a piece ot antimony A, in contact with a piece of zinc 

B, in a solution ot the ordinary chloride of antimony 

C, it will receive a coating of antimony ; or if we im- 
merse a piece ot platinum in contact with a piece of 
tin in this liquid, it will receive a deposit ot antimony; 
but if we iiiimerse a piece of antimony in contact with p[y, ^ 
a piece of platinum, or a piece of platinum in contact 

irith a piooe ot silver in this liquid, it will receive no metLillic deposit. 

Chloride of Bismuth. — In a aolntion of chloride of bismuth, brass in 

contact with a piece of zinc, copper in contact with tin. or germa-n 



Bilver with iron, reoeivea a deposit of bismuth ; but brasB in oontaot 
with a piece of gold, gold in oontaot with ailTer, or getrman aUver with 
platiBam, receives do deposit. 

Halphau, Chloride, or Nitrate of Zinc, — With a solation of eithor 
sulphate, chloride, or nitrate of zino, no metal of any pair of metala 
neleotad from amoogrt the following will receive a deposit of zino : 
ontimoay, hiEmnth, zino, tin, lead, iron, nickel, oopper, maroory. silver, 
gold, platinum, or pBlladiam. 

Protoehloride 0/ Tin. — With a solution of protoohloride of tin, either 
antimony, tin, or copper iramaraed in oontaot with zinc or lead, will 
receive a coating of tin ; but antimony in oontaot with tin, tin with 
silver, oopper with iron, or either gold or platinnm with oopper will 

Hyponitriie of Lead. — ^With a solation of hyponitrite of lead, either 
tin, copper, or brass, in contact with a piece of zino, will receive k 
deposit of lead ; bnt tin in contact with copper, copper with lead, or 
brasH witll platinum, receives no deposit. 

Nitrate of Lead. — ^With a solnMon of nitrate of lead, either copper, 
brass, or ailver, in oontaot with zino, reoeivea a coating o( lead ; bat 
copper in contact with iron, brass with tin, or silver with copper, 
receive no such ixjating. 

PriitoaulpliaU of Zrcni.^With a aatnrated solation of protoeolphats 
of iroij. platinnm in contact with zino reoeivea a depoait of iron ; fanl 
in contact witb copper it reoeivea no metallic deposit. 

Chloride of Nh'kd and Avanoiaa. — In a solution of the doable 
chloride of nickel and ammonia, oopper in contact with zinc receive* 
a deposit of nickel ; bat in contact with silver it does not receive saah 
a deposit. 

Sulphate of Copper. — In a solution of snlphate of oopper, braaa in 
contact with zinc; or tin, garman silver, ailver, or platinmn, in contaot 
with iron, receives a deposit of copper; wMlat silver in contaot with 
antimony, or platinum in contaot with brass, receives no deposit. 

Oxide of Copper in Ammoma, — In a solation of oxide of copper in 
ammonia, platinnm in contact with ziuo receives a deposit ; but silver 
in contact with iron does not. 

NilraU of Mercury. — In a aolntiou of nitrate of mercury, aiivet in 

contact with either zinc or iron, or platinum in contact with copper, 

receives a metallic deposit ; platinma in contact with silver does not, 

Nitrate of Silver. — In a sotutiou of nitrate of silver, gold in oontaot 

with zinc receives a deposit of aOver ; but in contact with platinum it 

Bichloride of Platinum. — In a solution of bichloride of platinnm, 
platinnm in contact with zinc becomes coated with platinum ; but in 
contact with gold it receives no such coating. 
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"last of Initaneea No. 2. — The following general 
obBerrationB maybe mude upon the foregoing facte : — 1st, thutln some 
instanceH deposition does, ajid in others it does not, occur ; 2nd, that 
DO metal will cause another metal to be ooated by this method, nnleas 
it oan coat itself in the sacne liqnid by simple innnereion. Raoalt 
has gbserved that a, piece of gold in contact with a piece of cadmium 
in a concentrated and boiling hot Holation of chloride of cadmium, 
aoquireaathm film of deposited cadminm^ in 

itself. For instance, zino cannot 
asoally coat itself in eolutious oF 
zino, neither can it canee other 
metals to become coated with that 
metal in those solntions ; copper 
cannot coat itself with zinc in a 
Bolation of Bolphate of zinc, or 
with tin in a solution of chloride 
of tin, neither can it cause silver, 
gold, or any other :metal, to be- 
come coated with zino or tin, in 
; 3rd, that one of the two metBls 
which receive a deposit by this method, derives 
its power of receiving the deposit by virtue ot its 
contact with the other metal ; 4th, that any metal 
which has the power of coating itself by simple 
immerHion in a given liqnid, oan by this method 
cause other metals which do not coa.t themselve 
by simple immersion in that liqiud to become ' 
coated — for instance, zinc, tin, and iron coat 
themselves with copper by simple immersion in 
a solution of sulphate' of copper, sjid silver, gold, and plationm 
do not ; but if either of the former metals he connected with either 
of the latter, and the two immersed together in that liqnid, tho 
latter metals as well as the former will become coated with copper; 
6th, that base metals, and especially zinc, have generally the power of 
oansing other metals to become coated by this method ; whilst the 
noble metals, and especially gold and platinnra. rarely posaess f.Tii'« 
power; 6th, that by this method metal is deposited much more fra- 
qnently from solntiona of the noble metals than from those of the 
base ones ; and 7th that thick deposits of metal may be obtained by 
this method, provided the action is continned snfEciently long, and 
the liqnid is properly renewed 

9. Depositing Arrangement Ho S.~Depoiititm by One Metal and 
Ttoo Liquidf — Cblonde tl Antimrmy — The following instances belong 
to deposition by the immersion of one metol in two Jiqnida. D and E 
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(Fig. 9). Beparated by a porous diaphragm F, the metal being either 
in two pieces comicuttid together by a. wire or wires C, or in one pieoe, 
and bent so aa to dip into both liquids ; the diapliragm may be dis- 
pensed with, as already esptaiued, by ponring the lighter liquid care- 
fully above the other, and placing the piece of "metal vertically in the 
two liqoids ; if two piecea of antimony, A and B. oonnected together 
by a wire or wires C. are immersed, one in dilute nitric acid D, and 
the other in a solation of chloride of antimony E, the piece in the 
dilate acid will dissolve, whilst that in the chloride solution will 
reoeive a metallic deposit. 

Chloride of Bismuth. — If two pieces of antimoay ore immersed in 
the previooB manner, one in hydrochloric acid, and the other ia a 
■olntion of chloride of bismoth, that in the acid will dissolve, and 
the other receive a coating of biamatb. 

Sulphate of Copper. — With antimony, in dilute hydrochloric aoid 
on one side, and in a solution of anlphate of copper on the other, a 
deposit of oopper is obtained. 

Chloride of Bismuth. — With bismnth ia hydrochloric acid on one 
aide, and in a aolntion of chloride of biamnth on the other, a free 
deposit of bismuth ia soon obtained. 

Chloride of Zinc. — If a piece of zinc ia beat so as to dip into dilute 
hydrocUorio acid on one side, and ioto a nentral aolntion of chloride 
of zinc on the other, a free deposit of zinc will be found upon the end 
in the metaUic solution after a period of twelve hours. 

Solutitm of Acetate of Zinc. — With zino in a solution of acetate of zinc 
on one side, and in dllnte sulphuric tcid on the other, that in the dilute 
Mid will dissolve, whilst the other end will receive a metallic deposit. 

Iron f n Chloride 0/ jT^Tnon^.— With iron in dilute anlphnric acid 
on one side, and in a solution of chloride of antimony on the other, the 
end in the metallic solution vrill receive a deposit of antimony, whilst 
that in the dilute acid will dissolve. 

iron in Saiphate of Zine. — With iron in dilute sulphuric acid on one 
aide, and in a solution of sulphate of zinc on the other, no deposit of 
zbio is obtained in twelve hours ; Bimilarly with iron, dilute sulphuric 
aoid, and n solution of protosulphate of iron, no deposit occurs in 
twelve hours. 

Tin in Chloride of Tin. — With tin in dilute hydrochloric acid on one 
Bide, and in a solution of chloride of tin on the other, a deposit of tin 
IB obtained. 

Zinc in Sulphate of ^inc.— With zinc in dilate sulphuric aoid, and in a 
eolntioa of sulphate of zinc,a free deposit of zinc occurs in twelve hours. 

Bitmath in Nitrate of Bismath. — With bismuth in dilate nitric acid, 
m^A ia a aolution of acid nitrate of bismuth, a thin deposit of bismuth 
ia found in twelve hours. 
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Copper in SulpMU oj ^ijic— With copper in dilnte anlphnr 
dilate nitric acid on one aide, and in s. solution of snlphate of zii 
tbe otlier, no deposit of zinc oacnrs in twelve hoara. 

Bfois ur Copper in Salpliate of Copper.— Witti brass or copper i: 



a B, solution of Ealplia.te of 
s obtained in twelve bonrs ; 
□ aoid, and in a solntion of 



dilute Bolpharic aoid on one side, and L 
copper on the otber, a deposit ol copper ii 
similarly nitb copper in dilute hydrocMor 
ohioride ot copper, a, metaliio deposit oocnrs. 

SHier 111 Pl'diiij) Liquid. — With silver in either dilnte aulpliuric, or 
dilnte nitric aoid on one aide, and in a eolation of sulphate of copper 
on tbe other, no deposit of copper takes place in twelve hours; but with 
Buver in a solution of cyanide of potassium on one side, and in tbe 
double cyanide of potaHsium and silver on the other, a free deposit ot 
silver takes place upon the end or piece in the latter solntion. 

Phitininii in Nitrate of Cupper. — With platinnin in aqua regia on one 
Bide, and in either a eolation ot nitrate of copper, the ordinary cyanide 
gilding solution, or a solution of bioliloride of platinum on tbe otber, 
no deposit of copper, gold, or plutinuin occurs. 

10. Obieri>atiom on Close of Iiatances No. 3.— lat, it appears, that in 
thie class also we obtain negative aa well as positive instances; 2nd, 
that by this arrangement, unlike the previous classes, almost any 
metal may causa the sfime metal to ba deposited — for iuBtance, zinc 
may deposit zinc, copper deposit copper, and silver deposit silver; 3rd. 
that by it even a noble metal may cause the deposition of a base metal, 
provided we hare a, suitable oombination of liquids ; for instance, It a 
piece of gold or silver is immersed ia a strong solution ot cyanide ot 
potassiimi on one aide, and io a solution of sulphate of copper or 
ohioride of antimony on the other, the end in the free cyanide solntion 
win dissolve, whilst that in the copper or antimony liquid will receive 
a deposit ; 4tb. that the metal or end which receivee a deposit derives 
that power Irom its contact with the metal in the 
other liquid ; 6th. that, as a general rule, base mctila 
buve a greater power ot causing deposition by tins 
method than tbe noble ones ; 6tb, that the noble 
metals are more readily and more often deposited 
than the base ones ; and 7th, that we njay prodnoe 
thick and coherent deposits by this method. 

11. Depositing' Arrangement No. i. — Depoeitian bij 

Two Melati ajui Tica Liquids.— The following instancee 

Fiu, 11. belong to the claBS of deposition produced by the 

immersion of two metals, A and B (Fig. 11), in 

two liquids, D and E, the metals being in mutual contact or con. 

necled tofjother by a wire C, and tbe liquids separated by a porous 

partition F. 




^ne Depoiiting Antimmty, — If a, piece of BiDtimODy A. be immersed 
in a solution of chloride of antimony D, and a piece of zinc B is 
immersed in dilnte mlpharicacid E, and the two metals are connected 
together by a wire or wires 0, a. free dejioBit of antimony upon the 
metal A will take place in twelve hoara. 

Tin Depositing Zine. — With tin and hydroohlorio acid, and sine in 
a neutral solution of snlphate of zinc, a deposit of zinc ia obtained in 
the metalltu solntion. 

Iron Depositing Antiawiiy. — With iron in dilute hydrochlorio aoid, 
and antimony in chloride of antimony, a copious deposit of antimony 
takea place in twelve hoars. 

Magnaiwm Depositing Zinc. — With magnesiom in dilute sntphoric 
acid, and zinc in asolntionof anlpbate of sdnc, a deposit of zino occotb. 

Zinc Depositing Coppn: — With zinc in dilate snlphurio aoid, and 
brass in a solution of aalpbate of copper, copper is deposited. 

Bitneath Chloride of Aniimon-y. — With bismuth in dilate hydro- 
chloric acid, and antimony in chloride of antimony, no deposit of 
the latter takes place in twenty-fonr hours. 

Iron and Chloride of Tin. — With iron in dilute hydrochloric add, 
and ti^i in a solution of chlorida of tin, no deposit of tin oconca in 
eighteen tours. 

Copper and Chloride of Antimnny. — With copper in dilute hydro, 
ohlorlo acid, and antimony in clitoride of antimony, or tin in chloride 
of tin, no deposit of antimony or tin took place in twenty hours. 

12. Observations upon Clots of Imlancei No, i. — 1st, It appears that 
negative as well as poaitiTe instances occur in this arrangement in 
common with the others; 2rd, that by using suitable metals and 
liquids, deposition may be effected more rapidly by this method than 
by the preceding ones ; 8rd, that the metal which receives the deposit 
derives its power from its contact with the other metal ; 4th. that 
base metals in strong acids bavethe greatest power of causing a deposit 
opon the other metsJe, and noble metals the least ; Sth, that the nobis 
metals are more readily deposited than the base ones ; and titb, that 
thick and coherent deposits may he obtained. 

In all the above instances, instead of using one vessel divided into 
two parts by a porous diaphragm, it will be found convenient to pat 
one of the Uqnids in an nnglazed earthenware poro as cell, and immerse 
the cell in the other liquid (see vessel A, Fig. 13). In this case, either 
liquid may be the outer vessel. This last arrangement (No. 4) is 
usually termed the " single cell " process. 

13. SeposlUng Arrangenumt No. B, — Deposition by Separate Liquid. — 
The next class of instances are those in which either of the foregoing 



SEPOSimiO ABBUIaEllIBta. 

arrongBmantH, except the first, is connected by wires with t 
of Bimilftr metal irameraad in a aeparate liqaid. For ii 

Irt. With TioD iletaU and One Liquid 
(Fig. 12). — If we take a. vessel A ooutain- 
ing either dilate sulpharic acid or a hoIq- 
tion of Bolpbate of copper, and immersa | 
in it a pieceof zinc Baud copper C, with 
copper wires ~D and E attached to them, 
and either immerse the free ends of those 
wires in a separate eolation of BDlphat« 
of oopper F, or connect them with two ^ 
pieces of oopper immersed in that liquid, 
the piece of copper E in liquid F will 
diBflol™, whilst the opposite piece D, oonnected with the zinc, will 
receive a deposit ol copper. 

2nd. With OmMftal and Two iijuitfe.—If we take a vbbbbI A (Fig. 13) 
\ porous cell B, with a nontral aolution of sulphate of 
zinc C in the outer Tessel, and dilute 
sulphario aoid D in the inner, and 
c E and E 
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into D and C respectively, and irainetBe 
the ends of those wires in a separate 
eolation of sulphate of copper I, tho 
end of the wire H will dissolve, whilst 
that of G will receive a deposit of 
, metallic copper. 

3rd. With Two Metali and Two Liqyidt 
("separate cell" arrangement. Fig. 13). 
If we substitute a piece of oopper for the piece of zino P in the last- 
mentioned instance, and a solution of solphate of copper for that of 
sulphate of zinc, similar eSects will take place at the ends of the wires 
in the liquid I, except that the aotioa will be mnch more rapid ; but 
if in either of these three instances ve ase a solation of sulphate of 
zinc Freely acidulated with Bolphnrio acid, instead of the solution of 
lolpbate of copper I, and platiaom wires in place of the copper ones 
to be immersed, neither of the pieces of platinnm will dissolve or 
receive a metallic deposit. 

14. Remarht upon Clou oflmtajtcet No. S. — In this class of instances 
the method or arrangement differs from the three preceding ones, simply 
by the wires which connect the two pieces of metal being oat in two, and 
its free ends either immersed in a separate liqnid or oonnected with, two 
pieces of metal dipping into that liquid. It is not neoeasary to have 
the depositing vessel perfectly separated i it may even be attached' 



the same piece of apparatos, provided the liquid in it ia perfeotlj 
separated from the other liquids aad metalH. The pieces of metal in 
the separate liquid poeseBH no power of depoaitian of tbeioHelTes in that 
liquid, even if they were oomieotad together, but derive their power of 
dissolving and receiving a deposit wholly from the other metals and 
iiqaids by means of the wires. 

16. Deposttlns ATTangemant Ko. S,—Depo>ition by ifaniift and Coil 
(Fig. 14). — -We may produce deposition in the separate liquid by con- 
□ecting the two pieces of immerBul metal with any other souroe of 
depositing power— for inBtauce, if a long coppar wire, covered with 
Bilk or cotton, is coiled upon a large bar of pure soft iron B, and its 
suds C and D are inmiersed in a solution of sulphate of coplwr E, luid 



the polos of a powerful horse-ahoe magnet 



brought in contact 
very many 
times with 
the ends of 
the bar, and 

. moving the 
magnet from 
the biLf, one 
a oab of the liquid, and replaced before 
1 of the copper will slightly dissolTe, 
and the other receive a thin copper deposit; but if each of the ends 
ia allowed to remain coustuutly in the liquid, no snch effects will 
DOOur ; because the removal of the magnet prodaceB an opposite 
current, which nndoes the effects. 

16. Componnd DeposlUiiK Airaogement No. T. — Any of the fore> 
going combinations of liqaids and metals (except the IJrst). or the 




of the ends of the 
retnrning the magnei 




mgement, with or wiEhont sepsjate depositing liquids, 
may be connected together in a taia of any number, and may include 



eooh of tha arriuigements in tbe eain 
of depOHiliug liqnidH, and daixjsitioi 
whole or in any portion of them ab 1 
vessel A (Fig, IS) containa ft piece of zinc B, and copper C, immersed 
in dilute sulpharic acid; vesBel D oontaina zinc E, in dilute Hulphuric 
acid, and copper F, in a solntion of Balphate of copper ; vessel G con- 
tains a serieB of separate depositing liquids, consisting of solntion of 
sulphate of ooppor, conaeoted together by bent p' f pper; the 

extreme pieces being attached to zinc B and cop^ F h d position 
takes place upon every alternate piece oC cop[ie tb g) t th whole 
series, except that in vessel A. In vessel A hyl t ad of 

copper is deposited. 

IT. Osneral ObservatlonB.— We may make tl f 11 w g general 
observations upon the whole of the foregoing f 1 ^1 t tbat gative 
ai well as positive instances occur in all clusses of facts of electro- 
deposition; 2nd, that almost any of tbe ordinary metals, both noble 
and base, may be deposited by each of tbe mcthuds or arrangements 
described ; 3rd, that the particular result of deposition or non-depom- 
tion occarring, appears to depend chiefly upon the particnlar combina- 
tion of liquids and roBtals, their arrangement and oonneotions ; 4lh, 
that the size or shape of the containing vessels, the bulk or depths of 
the liqnids, the size, Eorm, or poaitioa of tha metala, appear to exercise 
little or no influence upon the result ; 3th, that in all cases of deposi 
tion there is a difference in kind, eitfaer oF the metal, of the liquid, or 
of both ; 6th, that in all such cases a metal dissolves in a liquid ; for 
instance, in Arrangement No. I, with a pieue of iron immersed in a 
solntion of snlphate of copper, a portion of the iron is dissolved an 
the copper ia deposited ; in Arrangement No. 2, with iron and copper 
together in a solotion of sulphate of copper, the iron dissolves and tbe 
copper receives a deposit : in Arranj^ement No. S, with copper in dilute 
snlphurio acid, and in a solution of sulphate of copper, the copper in 
the acid dissolves, whilst that in the metallic solution receives a 
deposit; in Arrangement No. 4, with zina in dilute sulphurie acid, 
and copper in sulphate of copper, the former dissolves, whilst the latter 
receives a deposit ; in Arrangements Nob. 5 and u, one piece of metiLl 
in tbe separate depositing liquid dissolves, whilst the oilier receives a 
metallio deposit, and tbe same with tbe Compound Arranijenient 
No. 7 ; 7th, that is Arrangements Sos. 1 and 2, the same piece of 
metal which dissolves also receives a metallic deposit, and in Arrange- 
ments S, i, 5, 6, and 7, the pieces of metal which receive a deposit do 
not dissolve ; Bth, that as a general rule in all methods, and in all 
solutions except alkaline metallic cyanides, zinc among comniou 
metals has the greatest, and platinum the least power of produciiig 
■leposition ; Uth, that aiiio generallv deirasits metals moat mi;''"v ^v.\n\ 



their Bolationa, knd caost freqaently in the atftta o{ a dark-caloiired Ol 
black ponder ; and 10th, that amoog BolntionH of the ealte of oi 
raetala, those of the BiltH o( noble raetals yield their metal moat enaily, 
uid tho9e of the base metals, zino espeoially, with the greatest diffi- 

IS. In looking over the foregoing inatanceB, we alsoobaarre: — let. 
that when aeveral metaJe are oaed, they mnat either toueh each other 
or be ooouGcted together by wires or other piecea of vitial ; 3ud, that 
when sevBrat Uqnida are used, they also mnat touch oaoh other, either 
by meana of a porous diaphragm, or otherwise ; 3rd. that wheii a 
aariea of metals and liqnids are used, they mast together form a cam- 
flete eiTCiiit, and all their points of ooDtact be perfeotly clean ; 4Ch, that 
a separate depoaiting liquid poBaeaaes no power of depoaitioii by itself, 
bat derives its power by meana of tbe wirea from the other arrangs- 
menta with which it is connected ; and fith, that the length of the coa- 
oeoting wire has no very great inSnence on the reault. These 
obaervattons have led qb to conclude that dex>osiCion ia caused by some 
Jorce which is generated in some part of the npparatus, and circnlatea 
thiongb the tiqnids, metals, and wirea which compose the circuit. 

19. Prinolplea. — Canditiom of EUctro-Depoiition.— From the aimple 
faeti of eleoti'o -de position, and the general observatioiiB made upon 
them, we proceed to oousider the causes of deposltioa, and the conditions 
or oiroamstances uadar which deposition ooours, in the folLowiag 

1st. The Cliemical Condition*. — If we immerse a clean iron wire in 
a solution of nitrate of mercury, it receives a deposit of that metal ; 
bat if we immerse it in perfectly dry metallic mercury, it receives no 
deposit, because in the former case the necessary chemical conditions 
of deposition are present, whilst in the latter case they are absent. 

Sod. Tlie Electrical Condiiio-m, — If we connect tu^ether a piece of 
iron and a piece of copper by meana of a metal wire, and immerse 
them in a solution of sulphate of copper, the copper will receive a 
metallic deposit; but if we connect ihem tot:;ether by a cord of iiutta- 
percha or rod of glass, no deposit will take place, because in the 
former caae all the electrical conditions are present, whilat in the 
latter caae one of them, viz., a complete couductiug circuit, ia 
absent. 

3rd. The Thermic ConditioTa remain imperfectly investigated. 

4th. Tlie Mechanical Condiliotia. — If a piece of iron be immersed 
in a solution of sulphate of copper, it receives a copper deposit; but 
if a piece of platinum be so immersed it receives no such deposit, 
because, for one reason, in the former instance the mechanical coa- 
ditione of attraction and repulsiou at tbE dissolviog and dt'poaiting 
aiirFaces are present, but in the latter they are absent. 
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otb. T!ie Matliematical Gonditioia. — If we immerse two pieces of 
carbon in fused pro re -chloride of tin, and oonnecli them with a. voltaic 
battery, tin will be deposited; but if we immerse thom in bi-chloride 
of tin no deposition wiE occur, beoanae in the first inBtanca all the 
matbematiccl conditions are present ; the flaid salt contains one atom 
of ohlorine for each atom of tin ; whilst in the latter case one of them 
ia absent, the salt oonlains Cico atonu of chlorine to one atom of tin, 
and, according to Faraday's law, " osly thoee substaiicBS of the flrat 
order are directly decompoaible nhiob contain one atom of one of 
their elements fur eaah atom uf the ether." 

These several heads are capable of inolnding all the known cir- 
cumstances or conditions under wbi^jh deposition occurs ; and under 
the head of eaoii of them will be given a few instances, both of 
deposition and of non-deposition, to illnstrate the principle; and it 
would be advisable for the reader to try for himself some of the 
experiments given, in order to fix tlie principles more firmly in hia 
memory. 

30. Chemical Conditions of Deposltton. — The first chemical con- 
dition to be observed ia, that in every case of deposition the depositing 
liquid contains acid and basic eleiaenta, namely, a salt, the acid of 
which is to dissolve or combine with one metal, and its metal or base 
to be deposited npon the other. 

Ist. Depo>itioii In/ One Metal om! Oiie Liq-uid. — With the firat cloaa 
of facts, if we immerse a piece of cleau iron in a solution of nitrate 
of mercury, it will receive a deposit of that metal ; bat if wi 
it in mercury alone, it will receive no deposit ; in the firat ir 
acid as well aa a basic substance was present, and deposition took 
place ; hot in the second instance the metal or baae alone was preaent, 
and no deposition occurred. 

2od. mth Tieo MetaU and One Liquid.— It zinc and platinum are 
immersed iu mutual contact in a solution of nitrate of mercory, the 
platinum will receive a metallic deposit, but if they are immersed in 
pure dry mercnry, no deposit will oconr. 

3rd. Will. One Metal and Tidp lAquidi.^U we immerse One end 
of a platinum wire iu a atrong solution of cyanide of potassium, and 
its other end in a solution of nitrate of mercury, the two liquids 
being in mutnal contact by means of a porous partition, the end ia 
the metallic aolution will sooo receive a deposit of mercury ; but if 
perteotly dry mercury is aubstitutod for the nitrate solnlion, no such 
deposit will ocour, 

4th. Witk Two Metah and Tico Liquida.—Il we immerse zmc in 
dilute sulphuric acid, and platinum in n aolution of nitrate of mer- 
cury, the two liquids touching each other by a porous partition, and 
the metala connected ti^ether by a wire, the platinum will quickly 
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receive a deposit of meronry ; but with dry mercury instead of tbo 
metallic Bolntiou, the platinam will not receive a. deposit. 

Stli. With a Separate Depoiitinp Liquid. — It we tske two piecBH of 
platinom wire, coauect them, aa already described (13), with either 
of the foregoing Arrangements, or with a magnet and coil (16), and 
immerse their free ends in a eolation of nitrate of meronry, one of 
the wires will receive a depoflit of mercnry ; but if the eaparate liqnid 
ooQsiat only of dry meronry, no deposit will be obtained. 

It in evident irom these facts, that in every ciae where deposition 
□ccnrs, the depositing liquid contains both acid and basic substances, 
and thit without the presence af both no deposition takes place. 

21. Degrees of Chemical AtBnlty of Sletals and Liquids.. — At the 
present point it is necessary to mention a few instaneea of the different 
degrees of chemical afhaity manifested by different metals and liqnids, 
that the raa:dBr may be able to luiderstand their general chemical 
relations in electro- deposition more clearly : — 

1st. If we immeras a piece of potaasium in almost any liquid, very 
violent chemical action takes place, which is stronger in mineral and 
vegetable acids than in water or organic liquids ; if we place a small 
piece of it npon water, violent chemical action occurs, the water is 
decomposed, heat is prodnced, gas is evolved and takes fire, the 
metal melts and roila about on the surface of the water, oxidatea 
and dissolvea. 

2nd. If we immerse a piece of zinc in any of the strong mineral 
acids (auTphnric, hydrochloric, hydrofluoric, or nitric acids), strong 
dhemical action takes place, gas is freely evolved, and the metal 
oxidates and dissolves; with aolations of the ordinary vegetable 
acids, i.e., oxalic, tartaric, citric, formic, and acetic acids, the same 
effects occor in a much weaker degree; but with water there is no 
visible decomposition, no gas evolved, nor any perceptible chemical 
action; theaa instances show that potassium has a much stronger 
affinity for liquids than zinc, and that both the negative elements of 
these metals have a stronger afUnity for aoids than for water. 

3rd. If we immerse a piece of ainc snccessively in each of the 
ordinary mineral and vegetable acids diluted with water, it will be 
quickly dissolved, with evolntion of hydrogen gas in nearly all of 
them ; bat if we immerse a piece of copper in those liquids, it will be 
quickly dissolved in only one of them, viz., nitric acid, and from this 
we conclude that copper has generally a much weaker afQnity for 
acids than zinc. 

4th. If we immerse either gold or platinum in any of the strong 
mineral or vegetable acids, or even in cold aqua regia, it will be nearly 
unaffected in all of them, whilst copper would be rapidly acted upon 
' 'iiric acid or by aqua regia, and slowly by several of the others, 
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Iheieby sbowiiig that the affinity of geld or platiumn tor acids ie 
generally mncb weaker than that of copper. 

From tbe foregoing, and many other instances that might be men- 
tionad, we oonolnde that the degree of afSnity of the metals for acids 
IB nsnally in the following order, namely, patassinm, zinc, copper, 
gold, platinum. Hydrocyanic acid and cyano^Qn appear to difFer 
in one respect, in tlieir chemical relatiDUE tcwards ordinary metala, 
from oxygen, chlorine, and the ordinary mineral and vegetable aulda, 
in having a much stronger affinity for noble metals, and weaker for 
the base metals; this is probably one of the chief reasons for the 
extensive adoption of cyanof^en compounds in electro - deposition ; 
tbose compoands are highly suitable for the deposition of noble 
tnetolH, becanse of the groai affinity o! cyanogen for thoae metals, 
bat not, as some perBone assert, for tbe deposition of many of the 
base metals, on acconnt of its comparatively weak aSinity for them. 
Upon iron it has but little action. 

22. Potassium is an alkali metal; zinc, cadmiuni, tin, lead, iron, 
cobalt, nickel, and copper are liaxe metals ; and mercnry, silver, gold, 
platinam, palladium, Ac, are iioble metals ; and of these three classes, 
the alkali metals possess the strongest affinity for acids, base metals 
intermediate, and noble metala the least. The same order prevails in 
their degrees of depositing power ; potasainni and the alkali metala 
generally deposit nearly all metals from their solutions; zinc, and 
tbe base metals generally, deposit a smaller number ; and gold, 
platinum, and the other noble metals deposit very few from their 
solutions ; thus we perceive that those metals which have the strongest 
ohemical affinity for acids, possess the greatest depositing power, and 
those which have the least affinity for acids, have also the least 
depositing power. 

23. Dlfferenca of CSemiciU Aflinlty NeceHsair lo Deposition.— Tiie 
Beoond chemical condition which wu have to observe is, that in every 
case of deposition there is a dijj'crenr.e of chemical af&nity at the dis- 
solving and receiving surfaces for tbe difFerent elements of the liquid, 
and that the dissolving metal has a stronger affinity for the acid 
elements of the liquid than either the metal in solution or the 
receiving metal ; for instance : — 

Ist. Willi One Metal and One Liquid. — If we immerse a piece of 
iron in a solution of sulphate of copper, a. deposit takes place opon it, 
but it we immerse a. piece oi platinum in the liquid, it receives no 
deposit ; in the first case, the iron having a stronger affinity for tbe 
anlphuric acid of the salt thou copper, combines with it and dissolves, 
and the copper thereby set free from the acid is deposited upon the 
, platinum having a much wecJss.'i 



HfBiiit; for tbe acid than the copper, oaniiot take the acid trom t 
copper, and therefore cannot oanee depoaition. 

3nd. With Two Metala and One Liquid. — If we immerBe copper 
and iron in mntas.1 contact, in a GOlution of siHphate of copper, tbe 
iron dissolves, and depositioa of copper takes place npoii both metnis ; 
bnt if we iminerBe copper and platiimm in mntaal contact in thin 
Botntion, no deposition ooonra. In the first instance, the iron poBaesa- 
ing a stronger chemical affinity for eolphnrio acid than tbe copper, 
combinas with it, and BOte the copper free; by this action, a current 
of depositing force is generated, which circulates tbrongh the iron, 
liqoid, and copper, at their points of contact, and canaeB the metal 
of tbe liqnid to be deposited npoo the piere of oopjier; bat in the 
second case, neither the copper nor platinum possessing a stronger 
afBuity for tbe acid of tile salt than its associated metal, there is no 
copper set free, no sufficiently strong current of depositing force 
generated, and consequently no deposition takes place. 

3rd. With Out Metal ajid Two Liquiil). — If we immerse one end 
of a piece of copper in diluto sulphuric acid, and the other in a 
solution of sulphate of copper, the two liquids touching each other, 
copper will be deposited upoo the end immersed in the metallio 
solution, whilst the other end will combine with the acid and dissolvB ; 
but if a piece of platinum or gold is substituted for the copper, neither 
of its ends will dissolve or receive a metallic deposit; in the first 
instance, tbe dilute aulphario acid, bavin;; a stronKer affinity for 
copper than a solntion of sulphate of copper, combines with it, oausea 
it to dissolve, develops a current of depositing force which circulates 
through the metals and liquids, and a deposit of copper is produced ; 
whilst in tbe second instance, tbe platinnro or gold having a weaker 
affinity for the acid of one liquid than copper for the acid of the other 
hquid, cannot sepainle the copper, or cause deposition. 

4th. With Tica ilcliih and Tico Liqui(U.— II w. iramerse a piece 
of silver in a strong solution of cyanide of potasBiom, and a piece ot 
copper in a solution of the double cyanide of oopper and potassiom, 
the liquids touching each other by a porous partition, and the metala 
mutually touching by a wire, the silver will dissolve, and tbe copper 
receive a metallic deposit ; but if a piece of iron is substituteil for the 
silver, no deposit will occur. In the first instance, tbe one solution 
has a stronger affinity for the silver than the other has for the 
copper, consequently the former is dissolved, a current or depositing 
force is generated, and copper deposiced ; bnt in the second case, the 
one liqnid has a weaker affinity for iron than Uie other has for 
oopper, and therefore no iron is diaaolvBd, no depositing force 
jiflnorHted. iind no cnpp:?r deposit crd . 



filh. With a BepiiraLe Dcpiaiting Liquid connected uith any Source 
of Dtpoiiting Po<cer. — 1£ we connect two pieces of silver with any of 
thoie Bonraes of power, and immerse them in a. sotntion of cyanide of 
potaHBinm, one piece will quickly dissolve, and the other after a, while 
receive a deposit of ailver ; but if pieces of irou lu'e UrBt ased inste^id 
of silver, neither wilt diesclve or re&eive a metallio deposit. 

Tn every ease nhare a separate depositing liqnid is used, the tiva 
[oeceB of metal immersed in it have a difference of chemical affinity 
imported to them by means of tbeir conneotioD with some arrange- 
ment which develops depositiuji; force, and this difference of affinity 
ie manifested most when the liqnid has a strong affinity for the 
immersed metat, and least when it has a weak afBnity for that metal ; 
HO in the first of the two immediately preceding inatanoes, the liqnid 
having a strong affinity for silver, allows this difFerenoe of affinity to 
bo freely exercised at the immersed surfaces of the two pieces of 
metal, and consequently one dissolves, and the other receives a 
deposit ; but in the second of these instances, the liquid having a 
very weak affinity for iron, does not lidniit of the eiercise of this 
difference of afSaity, and hence neither piece difloolveH Or receives a 
depoBil. From these instances it is manifest that whenever deposition 
ooooiB, there is a difference of chemical affinity between the dissolving 
and receiving sarfaces for the different elements of the liquid; tlmt 
the dissolving metal has a stronger affinity for the acid elementa 
than the receiving one ; and that without this condition no depositioa 

24. It most be mentioned also that the metals which have the 
greatest difference in their degrees of affinity for acids, are those 
■which evolve the greatest strength of depositing power, for instance: — 

1st. With One Metal and One Liquid.— U we immerse a piece of 
eilver in a solution of terchloride of gold, it slowly becomes gilded, 
but if we immerse a piece of zinc in it, gold is almost instantaneonaly 
deposited; because, in the former case, the difference of afSnity 
between gold and the immersed metal for the acid of the liquid is 
very mnch smaller than in the latter case. 

2nd. Ifieft Two MetaU and One J.itjuid.—lt we immeise a piece of 
platinnm and a piece of copper, in mutual contact, in a solution of 
nitrate of silver, the platinnm will become silvered, but mnch more 
slowly than if iron or zinc were nsed in place of the copper, becaase 
there is a. greater difference of affinity between platinmn and iron or 
rino tor the acid of the liquid, than between platinam and copper; 
or, if we immerse a piece of zinc and a piece of platinum or platinized 
ailver in dilute sulphuric acid, and connect them separately with two 
pieoes of copper immersed in a, separate solution of sulphate of oopper, 
copper will be dissolved and deposited in the eeparata li!:^a&. i&):si» 



rapid]y than if we used zinc and copper in place ot zinc and plaliauni, 
md much more rapidly thau it we used iron and copper ; because the 
difference ot affinity between zinc, platinnm, or platinized silver for 
dilute snlphuric acid, is more than zinc and copper for that liquid, 
and much more than between iron BJid copper. 

3rd. With Tipi Metals and Ttro Liqiiida — If we immerse a piece of 
zinc in dilute snlpharic acid, and a. piece of copper in a eolntion ol 
snlphate at copper, the two licinids touching each other, and the two 
metalE connected with two pLecea of copper in a separate solntion ot 
snlphate ot copper, the amount o( metal diasolved and deposited in a 
given time in the separate liquid will be much smaller than if we 
used zinc in dilute snlphnric acid, B.nd platinum in strong nitric aoid ; 
beoauEG tlie difference of affinity between the two metals in the two 
liquids, in tlie first instance, is less than in the second. 

25. Acid nnd Basic JUHnttteg Heoessary. — Chemical affinity differti 
not only in device but ako in kind ; basic subntances, such aa metals, 
slkalies, alkaloids, and most metallic oxideE. have a great tendency to 
oombine with acida; whilst acid substancefl. such as the metalloids 
(piygeu, snlphur, chlorine, phosphorns, fluorine, &c.i, mineral and 
Tegetable acids, and some metallic oxides, ti 
In a similar manner, tlie difference of afiinity fa 
ftnd receiving surfaces in electro- 
deposition is not wholly one of 
degree, but is also one ot kind ; the 
dissolving metal in a separate depo- 
mling liquid (13) acquires, by means 
ot its conoeKion with some source of 
depositing power, an affinity for the 
aeid elements of the liqnid ; whilst 
the receiving metal acquires, by the — ^^ 
nme means, an affinity of an opposite 
kind ; tor inetance (Fig. le), if a piece 
of platinum A and a piece of zinc B are immersed in dilute sulphuric 
acid C, some mercnry D placed at the b:ittom oE a separate solution of 
protosolphate ot iron E, a piece ot iron F immersed in this liquid 
and connected by a wire with the platinum, and the mercnry con- 
nected by an iron or platinum wire G. which is prevented from 
touching the liqnid by a tube of gliLBB or gutta-percha, the immersed 
piece ol iron will exercise one kind ot affinity, combine with the acid 
of the disBolved salt, and form a definite chemical compound (proto- 
Bnlphate of iron), containing one equivalent ot iron and one equivalent 
ot Bulphnric acid ; n-hilst the mercury will exercise an opposite kind 
at affinity, and combine with the metal or base ot the salt, forming 
likewise a definite chemical eompoutid (FeHg), containing one equiva- 
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loot ot iron and one of meronry. If a solution of snlphate of copper 
ie BQbHtitnted for tbnt of Eolphate of iron, and a piece of copper (or 
the piece of iron, a similar deSnite compound of copper and anlpbiirii; 
fcoid is formed at the disBolving plate, and of copper and meruary 
(CnHg) at the receiving metal. 

Tliese experiments prove in a moat eatisfactory manner that, in 
the act of deposition, the anrface of the dissolving metal possesses one 
kind of aiOnity by virtoe of which it tends to attract acid substances, 
ajid oombine with them iii definite proportions ; and the surface of 
the receiving metal posseasea an opposite kind of affinity, by virtue of 
which it tends to attract and combine with basic anhBtaJices, also in 
definite proportions. Mercury is tie only metal which haa been 
observed to manifest this definite a.ffinity at the receiving surface, 
probably because it is the only metnJ flnid at ordinary temperatures, 
flnidlty being an essential condition of such affinity ; bnt it is likely 
that other metals wonld also manifest this tendency, if kept in a 
melted state in contact with suitable fused salts, and properly acted 
upon by depositing force. 

26. Fluidity Essenldal to Electro -Deposition. — The affinities of 
doctro -deposition, like those of ordinary chemical action, req^nire, 
generally speaking, one at least of the combinmg bodies to be in 
the liquid state ; and they act, like them, wholly at iaseiisible dis- 
tances, being confined in their eiercise to the immediate sarfaces of 
mntnal contact of the opposed substances, and the compound formed 
«t those surfaces becomes diffused through the fluid masses by 
ospillary adhesion and mechanical mixture. This afFords a reason- 
able explanation why fluidity of the receiving metal is essential lo 
the formation of definite compounds at its surface, aa well as why 
flnidity of the metallic salt is essential to its decomposition, and for 
the fonoation of definite componnds at the dissolving surface. II 
(diemioal action took place at sensible and considerable distances, 
i^., throughout the whole mass of the opposed fluid bodies, combina- 
tion would probably be in all cases violent and instantaneous ; and if 
fluidity were not essential to combination, the solid metals depositecl 
npon the receiving surface woiild probably, in most eases, enter into 
the mass ot the receiving metsil, and combine with it. 

27. Alternation and ClTcnlation of Chemical Affinities Necessary. — 
The neat chemicul condition to be remarked upon is, that in everj' 
oaea of deposition the surfaces at which the acid and basio affinities 
WTB manifested iiUeniaU with each other in the circnlt, and that the 
MCid affinity circulates one way in the eircnit, while the basic affinity 
eiTculatea in the oppoalte direction ; for instance : — 

Ist. With Oiie Metal and One Liquid— It we immerse a piece of 
oopper in a solution of double oyanide of silver and potassiam, it 
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9 silvered ; but if we immerse a pieoe of iron therein, it 
receives no dspOEit. In tlie first of thsBs inatances it is considered 
that, imniediatel; upon the inuneraion of the mstnl, the superior 
iiffinity ol copper for cyanogen over that of silver, causes it to combine 
wicb that substance, and set the silver free; at the same time, an 
immense nninber of jniiiute onrrentB of depositing loroe or chemioal 
affinity are develox>ed all over the immersed surface of the piece ot 
copper, leaving it at iimmuerable niinnte poictH, passing a very small 
distance into the liquid, and re-entering the copper at namberlesB 
other points; and thus the affinities oiroolate, the copper dissolves, 
and receives a deposit simnltjineausly. In each of these a 
coits, as they are termed, acid affinity is exercised where the depositing 
force leaves the metal, and basio afliuity where it re-enters it ; but in 
the second instance, where iron ie used, there is 
affoiities, no dissolving of metal at oiie point, o 
another. 

3nd. Witli Turo ilelaU and Ojic Liquid.— U w 
iron and a piece of cupper, in mutnal coutaot, in a 
of copper, a deposit of copper tiikes place npon the 



copper ; but if 



o aironlation of those 



of sulphate 
and upon the 



of gold in place o( the iron, n 
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deposit occurs upon either. In the first of these instances, in addition 
to the circulation of atomic currents oC affinity all over the immersed 
Burface of the iron, as already exipiained, and which cause it to dissolva 
and receive a deposit, there is a separate and distinct corrent of the 
same force circulating through the liquid and the two metals at their 
points of contact, causing the surface of the iron to combine with the 
acid, and that of the copper to receive a metallic deposit; but in tho 
second case there ie no circulation of affinities, anil no eolation of the 
gold or deposition of the copper. 

3rd. With One Metal and Tao Liqiiidi. — It we immerse two pieces (d 
silver, one in a eolntion of cyanide of potassimn, and the other in a 



aolatiou of double cyanide of silver smd potiisBiitin, the two pieoee 
being oonnected together by a wire, and the Uqulda touching each other 
by a poronfl partition, ohemioal affiiiitieH will circulftte through the 
metals, wire, ujid liquids, and silver will be il U^olved and deposited ; bat 
if we anbatilmte pieuea of iron for the pieoutt of silver, there will be no 
uiroulation of afEiiiitieB and no deposition. 

4th. With Separate Bepmiting Liqu-ida (Pig. 17), oonaiatinB of soln- 
tions of sulphate of copper, with separate pairs of copper wire C D, 
E F, G H, inuneraed ui them, and witli end pieoesof copper Band I, 
B being connected with a piece of zino, J, immeraad in dilute sulphuric 
ticid, and 1 connected with a piece of copper, A, immersed in a solution 
of anlphato of copper, the two liquida being 9t>iiaratcd by a porous 
diaphragm, K, ciiemicol affinities will ciiuiilate in opposite direotiooE 
iliruugh the whole of the circuit, every alttiruatii] piece of inunersed 
metal, J, I, G, £, 
and C, will exercise 
one kind of affinity 
and dissolve, whilst 
every other alter- 
nate piece, A, B,D, 

ercise an opposite 
kind of affiuity, axid 
receive a deposit of 
copper. If in either 
of the foregoing iQ- 
stauces, where de- 
position DconiB, we 
break the continuity 
of the circuit, cither 
by separating the 
metals from eaob 
othor at their pointa 
of contact, lifting 
them out of the 
liquid, or by cutting 
;^ through theconneo- 
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e the free ends of the divided wire in a suitable liquid, 

BDoh as a solntion of snlphate of copper, if the wires are of copper, 

mediately reooramence throughout the circuit. 

28, A consideration of such facts as these leads us to conclude thai 

tht" process which uaases every alternnte metal in a E»riea to combine 
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with ncldt and diaaolve, and every other alternate metal in the circuit 
sither to combine with bases, or receive a deposit, are of a obemioal 
oharaoter, and circulate in opposite directions through the oironit, and 
has led to the application of the terra " onrrent affinity." to designate 
the depositing force, when viewed only in a chemical aapcot. 

20. Two or any other eren number of vessels containing oombina- 
tions of liqnida and metals. ea.ch similar, and capable of generating 
tnurent affinity, may be so arranged in a complete oonduoting oitcoit, 
that no such aDiuity will oircnlate or deposition oconr ; for instaace, 
if we take two separatB vessels. A and B (Fig. 18), each containing 
dilute sulphuric acid, and a eepurate piece of zinc, Z, aud silver {S), 
■rud connect them together tbas, zinc silver, silver zinc, no depositing 
power will be manifested if we immerse the free ends of their 
oopper wires, 0, in a separate solution of solphate of copper, I); 
but if they are connected thus, silver zinc, silver zinc (Fig. 19), 
and the copper wires immefBed as before, current afiiuity will cir- 
onlate and deposition vrill proceed in the separate liqnid. In the 
first of these oases the allinities set in motion by the metals and 
liquid in the vessel A are opposite in direction to those generated 
in vessel B. and the tno arrangements being equal in power, exactly 
neutralize eacli other, and prevent the currents of alfiuity and 
their effects: but in the second case the direction of the afliuitiea 
evolved by the vessel A ooincides with that of those from vessel B. the 
Durreuts ciroulate, and deposition is efFected. In the case of an unequal 
number of the metals of a series being connected the opposite way, 
those which are wrongly connected will neutralize aud be neutralized 
by an equal number of the remainder, provided that all the pairs 
of metals and the liquids are similar; for instance, if three out of 
twelve are wrongly connected, they will neutralize the power of three 
more, and only the remaining sis will act in the desired direction. 

SO. During the act of depoeition, a salt is usually farmed at the 
dissolving surface by the union, of the metal with the acid elementsof 
the liqnid, and is dissolved in the liquid ; at the same time the acid, 
which combines with the diHsolving surface, is genetuUy set free at 
the rectiving surface by the deposition of the metal ; for instance^ 

1st. With One Metal and One Liquid.— When iron coats itself with 
mercury by simple immersion in an acidulated solution of nitrate of 
mercury, nitrate of iron is formed by the union of the irou with the 
nitric acid, and nitric acid is at the same time set free from the salt 
by deposition of its mercury. 

tod. With Two Metals andOne Liquid. — When copper receives a deposit 
of copper, by immersion in contact with a piece of iron in a solution of 
snlpbate of copper, sulphate of iron is formed at tlio immersed surface 
of the iron, by the union of the snipliuric acid of tUe sulphate of copper 



Rult with the iron ; at tfae same time salpbnric acid ie set fr 
copper aurfftOB by the depoaition of the copper. 

3rd. With One Metal anil Turn ii./wi.fa.— When copper r 
deposit of cojiper in a solution of Bulplmte of copper, by o 
with ttnotber piece of copper immersed in dilate anlphnric acid, tha 
two liqnide toncbing each Other by ineaDa of a porous partition ot 
otherwise, sulphate oC copper ia formed at the surface of the metal in 
the dilute acid, by the union of tha copper with the acid, and, at the 
Bame time, snlphnrio acid is set free &t the surface of the other piew 
by the devnsition of the copper. , 

4tb. Sid'sr.— Whan silver or any other metal reccivea a, coating of I 
aflver in a solution of double cyanide of silver and potaagium, by con- , 
nectiou with a piece of zinc in dilute sulphuric acid, the two liquids . 
being separated by a porous diaphragm, sulphate of zinc is formed at 
the surface of the zinc, by the union of the Hoid and zinc, and cysjiogen 
or hydrocyanic acid ia at the same time set freeat the receiving surf aoe 
by the deposition of the silver. 

5th. ff'ith u >ieparate Deposltini/ Liquid, connected with any source 
of current affinity — for instance, when two silver plates, immersed in 
a Botution of the double cyanide of silver and potaaatum, are connected 
by wirea with a piece of zinc and a piece of copper immaraed in 
dilute anlphurie acid in a aeparate vessel — cyanide of aiiver ia formed 
at tbe surface of one oF the pieces of silver by the union of that metal 
with the ojanogen of the liquid ; and, a.t the Hams time, either cyanogen 
or hydrocyanic acid is set free at the surface of the other piece by ths 
depoaition of the silver. 

31. Froper Proportion of Free Acid in the Depositing Liquid. — If a 
solution contains a large eiceas of uocombined acid, metallic deposition 
will not always occur ; for instance, if two pieces of zinc are immersed 
in a neutral solution of sulphate of ziuo, and conneoted by wires with 
another piece of zinc and a piece of silver immersed in dilute sulphuric 
acid in a separate vessel, one piece of ainc will dissolve and the other 
receive a deposit of metal ; but if a ratiber large qaantity of sulphuric 
acid is added to the depositing liquid, no deposit of zinc will occur. In 
the aama manner, if we coniic?ct two pieces of silver, immersed in a 
Btrong solution of cyanide of potassium, with the zinc and silver in 
dilute sulphuric acid, as jusl described, one of the pieces of silver will 
combine with the cyanogen of the c^ianide of potassium, and form 
cyanide of silver, which will combine with a portion of tbe remaining 
cyanide and then dissolve ; but the other piece of silver will not receive 
a deposit of silver, until the remaining un combined cyanide of potassium 
has deoreaaed to a certain proportion by tbe working of the process. 
If, on tbe other hand, a depoaitiug solation contains no ^ree combining 
Bubatance, deposition will either proceed very slowly, or be entirely 



Btopped, in oonBequenoe of an iiiaolobla gait being tormod apoQ the 
Burface o£ the diBBOlviog metal, and impeding the actioo ; for ingtanoB, 
when two silver plates, immersed in a solution of doable ayanide of 
silver and potasBiom. are connected with some souroa of depositing 
power, one of the plates will reuttive a deposit of silver, whilst tbe 
other wUl gradually become covered with a white layer of iusoloble 
cyanide of silver, which impedes and eventnally stops deposition. 

33. HeoeBsity of ft Proper Proportion of Water. — If a depositiot; - 
Bolntion is diluted with water to a very luriie extent, deposition will 
progress very slowly, but if, on the other haod, it contains insa&ioieDl 
waMr, crystals of metallio salt will collect upon the dissolving metal 
and gradually stop the action ; for icstanoe, if two pieoes of copper, 
iratnereed in a mlimited solntion of sulphate of copper containing free 
acid are connected with a piece of zino and a piece of silver immersed 
in dilute sulphuric acid in a separate vessel, one piece will receive u. 
deposit of copper, whilst the other will slowly dissolve and gradually 
become covered with crystals of sulphate of copper, first at its lower 
part and then at the edges, which will gradually stop the action, 

3S. All tbe foregoing chemical facts prove that chemical affinity 
playa a very important part in the phenomena of electro- deposition. 

34. Electrical CoQilltlons of Deposition— Positive Bad Keg-attve Bub- 
ftancsH Heoeisary. — The tirst electrical condition to be observed is, that 
in every case of deposition the liqnid ooutaiua both substances of an 
electro- positive and of an electro- negative character ; metals and 
alkalies are electro- positive, anil metalloids (oxygen, sulphur, chlorine, 
iodine, bromine, ito-) and acids are electro-negative ; cyanogen is also 
electro-negative. 

Ifit. With Oiie JUt'il ami Oiu Liquid.— In tbe first instance, if we 
immerse a piece of copper in a solution of nitrate of mercury, depo- 
sition occurs, mercury being deposited, but if we immerse it in dry 
meronry, there is no depoeitiou ; in the former case the liquid contains 
both electro -positive mercury andnegative nitric add, but in the latter 
case it only cou talus the positive mercury. 

2nd. tl'ilh Tir„ 3IetaU and One Liquid.— Immeme zinc and platinum 
in mutual contact iu a solution of nitrate of mercury, the platinum 
receives a deposit; but if we inLmerse them in dry mercury, itreceives 
no deposit. 

3rd. With Oiie Metal -iMi Tmo L/yFiirfji.— It one end of a platinum 
wire is immersed in a solution of cyanide of potaasinm, and the other 
and in a solution of nitrate of mercory, the two liqaids touching eaoh 
other through a porous partition, the end in the mercurial solution will 
receive a metallic deposit ; but if dry mercury be substituted fot the 
nitrate solution, no deposition vill occur. 
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4tb. With Tiio Melols and Two lAqitida.—Jl we iraiuerae zino in dilnto 
snlphuric acid, and platinum in a, solation of nitrate of meconry, the 
metals tonohing each other, and the liquida ae^mrated by a porous 
partition, tlie platinum reoeives a meronrial deposit ; but if dry 
mercury ia anbHtituted for the nitrate solution, no deposit occurs. 

Sth. With a Sepurale Deposiling Liquid— U we immerse two pltttinam 
wires in a solution of nitrate of raercuxy. and oonneot them with any 
source of depositing power, one of the wires will receive a, metallic 
deposit ; bnt if we use dry meroary inntead of the nitrate solution, 
tbere will bono depotiit. 

These and many other instances prove that unless the depositing 
liquid contains both eleotco-pojitive and eleotro- negative substances, 
no deposition occurs. 

35. Electric Polarity of tbe Dlasolvlag and BeBeiyln^ Hetala — The 
second eteatrical condition to be observed upon is, that in every case of 
deposition there is an electrical difFerenoe between the dissolving and 
receiving metals, and that the former is always electro-positive, the 
latter being electro-negative, relatively to each other; the dissolving 
metal, consequently, has the strongest electrical attractions for the 
electro- negative or acid elements o£ the liquid, and the receiving metal 
lias the strongest electrical attraction for the electro-positive or metallic 
elementB ; foe inatanoe— 

1st. With One Metal and Out Liiiiiiii.—lroa in a solution of sulphate 
of copper, being electro -positive to the copper of the salt, has a stronger 
electric attraction for 
the acid or electro- 
negative elements than 
the copper, and com- 
bines with them in set- 
ting the copper free; 
bat in a solutiou of sul- 
phate at zinc, iron being 
olactro-negative to the 
zinc of the salt, has a 
weaker attraction for 
the acid than the 
and therefore does 
combine with or set 

and. Tiro Metals and One Liqaid.— 
and a piece of copper in a solution of sulphate of copper, and connect 
them by wires with a galvanometer (Fig. 20), the copper will receive k 
deposit, and the needles N of the inBtroment will be strongly deflected 
in sach a direction as to indicate that the iron is positive, and tha 
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copper negative ; bnt if a piece of iron and a piece of zinc are im- 
mersed in a solution of sulphataof zinc, and connected with the instru- 
ment, no deposit will take place upon either metal, and a, much mors 
feeble de&ectioD will be produced. 

3rd. With One Metal and Tv>o Liquidt. — If one piece of copper is 
immersed in dilute Eulphnrio acid, and another in a neutral solution of 
sulphate of copper, the two liquids touching each other by a porous 
partition, and the pieces of copper connected by wires with tha 
galvanometer, deposition will ta'ke place upon the piece of copper in 
the metallic solution, and the instrument will indicate, by the direo- 
tion of the defiection of its needles, that the disHolving piece of metal 
is posilivB, and the receiving piece negative ; but if we anbatitute two 
pieces of platinum for the piecea of copper, no deposition of copper 
will occur, and only a feeble difference of electric coniiitiou between 
the two pieces of metal will be indicated by the galvanometer. 

4th. Wltli Tico Metala and Tiro Liquid^.^Jl a piece of zinc is 
immersed in dilate Hiilphuric acid, and a piece of copper in a solu- 
tion of sulphate of copper, the two liquids being separated by a porons 
partition, and the metals oonnecled with the galvanometer, deposition 
will take place freely npon the copper, and the needles of the instra- 
ment will be powerfully deflected, indicating, by the amonnt and direc- 
tion of their mavemeut, the ziiia to be Btrongly positive and the copper 
negative ; but if a piece of platinum is substituted for the zinc, there 
will be no deposition, and scarcely any deflection of the needles. 

Sth. With a Separate Depositing Liquid. — If we immerse two pieooa 
of silver in a eolation of the double cyanide of silver and potassium, 
and connect them with any source of depositing power, and interpose 
a galvanometer in the circuit, deposition of silver will occur, and the 
needles will be strongly deflected in such a direction as to indicate the 
dissolving piece of silverto be positive, and the receiving piece negative ; 
but if we substitute two piecesol iron forthe pieces of silver, there will 
be scarcely any deposition of silver, and very little deflection of the 
needles, the receiving piece being feebly negative. From these and 
many other similar cases we oonclude that in every case where 
le losition oocnra the dissolving metal is electro-positive, and the 
receiving metal electro -negative, relatively to each other, and that 
the former has the strongest electric attraction for the negative 
elements of the liquid, and the latter tor the basic or mutaltic 
element. In all electric phenomena, positive aubstuncea repel positive 
and attract negative, and negative substances repel negatno and 

36. Alternation and ClronlatLon of Qeotrlc-Foiarlties Necueaiy.- 
The third electric condition is, that in every case of deposition 
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positive and negative Hurfaces, or mstalB, alternitte with each other 
lit, and electric forces circulale through the drcnit ; for 
instanoe : — 

l8t. With One Metal and One Liqicid. — When a pieoe of iron ia im- 
~ 'nB, solution of snlplutte of copper, innumerable minute electric 
onrrents are genaratad upon the sarface of the metal, and oironlate to 
a very minute depth within the opposed Burlace of the liquid ; the 
positi^-e electricity iaaning out of innnmerable pointa of tlie iron into 
the solution oaases it to dissolve — paseea throogb the solution, re-enters 
the iron at inmunerable other points, and depoaita the copper ; but 
when a piece of gold ia immeraed in thia solution, there are no 
onrrents of eleotricity generated, and the gold is neither dissolved nor 
does it receive a deposit. 

2nd. fVith Tuio Met-iln ami One Li'ij (iiJ.— When a piece of zinc and a 
piece of silver are immersed in mutual contact in a aolution ol nitrate 
ot silver, the zino dissolves and tlie silver reoelves a deposit, and an 
electric current ia developed which oircnlates through the metals and 
liqnids, and may be rendered further evident by conneciing the metals 
with a galvanometer (Fig. 20) ; the zino is positive and the sUver 

3rd. With One Metal and Two Liqnid^y —When two piecea of copper 
are immersed, one in dilute sulphuric acid and the other in a solution 
of sulphate of copper, the two hquids tonching each other through a 
porous diaphragm, and the pieces of copper connected with a galva- 
nometer, an electric cnrrent oircnlatea through the circuit, the piece 
of copper in the acid is positive and dissolves, and the piece in the 
metoJlic aolution is negative and receives a deposit. 

4tb. With Two Slelals and Ttco Liqnids.—Vfhea a piece of zinc is 
immersed in dilute anlphurio acid, and a. piece of sOver in a solution 
of double cyanide of silver and potassium, and the two are connected 
with a galvanometer, the two liquids touching each other by a porous 
{lartition, electricity circulates through the circuit, the zinc ia positive 
and diaaolves. and the silver is negative and receives a deposit. 

5th. With a Separate Depositiny Liq'iiil.—Vfhea two pieces of anti- 
mony, immersed in the ordinary chloride of antimony aolution, are 
connected with any source of electricity, one piece beoomea positive and 
disaolves, and the other negative and reteives a deposit, and an electric 
onrrent circulatea through the circuit, as may easily be proved by the 
galvanometer, as in the foregoing inatancea. 

6th. With a Series nf Dcjiositing LirfHi'Js.— If a series of depositing 
vessels [Figs. 15 and 17). containing solntiona of sulphate of copper, 
and piecea of copper, are connected by their estremo pieces with a sheet 
of zino and a sheet of copper immersed in a solution of sulphate of 
copper, every alternate pieoe of metal in tha naries will be electro- 
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positive and dissolve, and every other alteniale piece electro 'negative 
and reoeive a deposit, and a cnrreiit ol electricity will circulate throogh 
(he nhole series, 

37. Electrloal Conduetlng Olrouit ITeoBBsary.— In every caae where 
dopoaition is proceeding, the whole of the circuit is capable of oon- 
dooting voltaic electricity ; and this is ono importaiit ooudition of the 
resolt, for if in any ench case we interpose an inix>erfect electric 
oondnctor in the oirouit, snch aa a long iron wire, or a short 
colnma of water, the proceaa will be greatly impeded, and if we iuter- 
pose a non-conductor of electricity, Bach as a rod of gatta-perchu, or 
allow the least film of air, dirt, or laat, to break the oontinaity of the 
oircnit, deposition will be completely arrested. 

38. Electric Oonilnotlvlty.^The following is the general order of the 
oondactivity of raetala and alloyfl for voltaic electricity at 60" Pah., 
b^inniug with those which oondiLDt most freely, viz., silver, copper, 
gold, cadmium, ziuo, brass, tin, palladimn, iron, steel, lead, platinnm, 
gennan silver, antimony, meronry, hismnth, potasainm. The order is 
Bomewhat different at other temperatures. 

39. Dlrectloa of tbe Bleotrlc Cnirentt. — In every case where a 
current of electricity ie developed by the mntnal contact of liquids 
and metals, or where it merely passes throngh them, as in a separate 
depoBiting veB3Bl, the cnrrcnt of pasUive electricity is said to pnaa from 
the positive or dissolving metal, through the liquid, to the negative or 
receiving one ; and the negative electricity to pass similarly in the 
opposite direction. When we apaak of " (fie euTrra!," without stating 
what is meant, — the positive or negative electricity, — it is always in- 
tended, for tlie sake of simplicity of expression, to indicate tlie positive 
eleotriaity; when we speak of the positive metal or plate, the metal 
which is positive and dissolyeB is meant ; but when the positive pale is 
mentioned, Che metal from which the positive electricity proceeds out 
of the arrangement or apparatus into the wires, and which is invariafaly_ 
the negative or receiving metal, is intended; for instance, if apiece 
of Kinc and a piece of silver or copper are immersed in dilute snlphnrio 
acid, the zinc is the vesative pole and the positive plate, whilst the 
copper or silver is the positive poU and the Tiegative plate. 

40. In a separate depositing vessel it ia the dissolving metal which 
is called the positive plate, because it corresponds to the zinc or 
dissolving plate of the battery, while the receiving me'-al is called the 
negative plate; the terra pole iaalsosometimcsappliedtothoBeplateB, 
but in an irregular manner. 

41. EleotTlcal Decompositlan of Liquids. — In all cases of electro- 
deposition, the elements of the liquids are split asunder by electric 
action at the surfaces of the metala; the electro-negative elements, 
such ns melalloids and acids, either comhine with, or are set free at 



the Hnrface o£ the diBsolviug or positive metai. iiiod tbe electro -positive 
elements, suoh as metals and alkalies, either combine with, or are set 
free or deposited, at the aurFaoe of the receiving or negative metal; 
for instance, if a piece of silver and a. piece of copper are immersedin 
a, solution of sulphate of copper, and a pieee of zinc and a piece of 
platinum. immersed in dilute sulphnria acid, the silver canneoted with the 
zino by one wire, and the oopper with the platinum by another wire, the 
negatine element of the hquid, namely, the sulphurie acid of the 
Hulpbate of copper solution, will be split from ita associated oopper, 
and win tambine with the positive metal, the copper, oausing it to 
dissolve in the liquid ; while the positive element of the liquid, namely, 
the copper of the salt, will be deposited at the surface of the negative 
or receiving meta.1, the silver, but will not combine with it ; bnt if we 
substitute a pieoe of platinum for the piece of oopper, and tneroury 
for the silver (Fig. IB), some of the eSects will be reversed, the acid or 
negative element will oollect around the positive platinum, but will not 
combine with it, whilst the poaitive element of the liquid, the copper, 
will be deposited and combine with the negative mercury. Fused salts 
usually yield the same substances by electric decomposition as the 
same salts yield dissolved in water. 

42. Eleetrical Terms In Deposltioii. — To assist our remembrauoe of 
the difierent parts of the oirouil aQd. of the diiection of the electric 
forces, and for the better understanding of the action of the currents, 
Faraday proposed the following temiB, which have come into general 
use: — The liquid undergoing decomposition he termed an " eUctrolijU" 
front two Greek words, "electron," meaning "electric," and '■ luo," 
to " set free;" the act of electric decompoBition he called ■' eleetroly$is : " 
the metallic or other surfaoes at which the electric forces enter and 
ieavealiquid he termed "efeiiiroriee," from two Greek words, "electron" 
and " odos," meaning a " way ; " the positive electrode, or that point 
at which the positive electricity enters a liquid, is termed " aitudt," 
from two Greek words, " ana," mea nin g " upwards," and " odos," a, 
•' way," — the way in which the sun rises; and the negative electrode, 
or that by which the positive electricity leaves a liquid, is termed 
•' cathode," Siom two Greek words, "cata," meaning "downwards," 
and " odos," a " way,"^ — ^the way in which the son sets ; the elements 
of the liquid set free by electrolysis he termed " iora," from a Greek 
word meaning " going ; " those whiob combine with, or are set free 
at the anode, are called " onions ; " and those whiah combine with, 
or are set free at the cathode, are termed " catioiie." 

4S, Anions and Catlana. — Under the head of Anions may be classed — 
oiygea, fluorine, chlorine, bromine, iodine, and cyanogen, probably 
also solphooyanogen and thevacious mineral acids. Cations include — 
hydrogen (and ammonium), the alkali metals, magnesium, manganese, 





, bismnth, zinc, cadmium, tin, ]sa,d, iroD. cob&lt, 
nickel, copper, mercwy, silver, gold, platinQm, pulladinm, and the 
salifiable baees. 

4J. Electro-chamlaal Series. — The various elementary gnbstacces 
have been arraiiguil by BurzaUus according to their relative degrees 
of positive and negative eleciro- chemical character, in a table or scale 
like the aocompanying one, commenoing with those eubstanoeB 
possessing the strongest electro- positive properties, and ending with 
those of the strongest electro -negative properties :-^ 



POSITIVE END. ] 


tJAMH. 

Caesiam . 


. Cs. 


Rnbidinm 


. Rb, 


Potassium 


. K. 


Sodium . 


. Na. 


Lithium . 


. L. 


Barium . 


. Ba. 


Strontium 


. Sr. 


CBlciam . 


. Ca. 


Masnesiom 


. Mg. 


Glncinum 


. Gl. 


Aluminium 


. Al. 




. Zr. 


Cadmium 


. Cd. 




. Mn. 


Zmo . . 


. Zn. 


Iron . . 


. Fb. 


Nickel . 


. Hi. 


Uobalt . 


. Co. 



Cerium . 


. . Ce. 


Lead . . 


. . Ph. 


Tin . . 


. . Sn. 


Bismuth. 


. . Bi. 


Uraninra. 


. . U. 


Copper . 


. . Cn. 


Silver. . 


. . Ag. 


Mercury . 


. . Hg. 


Palladinm 


. . Pd. 


Rhodinm. 


. . R. 


Platinum. 


. . Pt. 


Iridium . 


. . Ir. 


Osmium. 


. . Os. 


Gold . . 


. . An. 


Hydrogen 


. . H. 


SUioiom . 


. . Si. 


Titanium 


. . Ti. 


Taataiom 


. . Ta. 



Tellurium 
Antimony 
Carbon . 



Te. 



Nilroger 
Sulphur 
Oxygen 

NEGATIVE END. 
It may be observed that the diviBiou indicated in the above table 
between gold and hydrogen ia, in a great meaanre. an arbitrary one; 
useful to assist one's memory in recollecting the general eleotro- 
chemic.il character of the substances, but not really existing in natnre ; 
for instance, sulphur and chiorine, two highly negative substaaceB, 
must be viewed as positive In relation to oxygen. They are positive 
Bubstauces when combined with that element in byposulphurous or 
hypocliloruna acid, but are negative in relation to arsenic, hydrogen, 
zinc, potaHsjum, when combined with those elements in the respective 
metallic enlpbides and chlorides ; in fact, each substance throaghout 
the scale may be viewed as both positive and negative — positive in 
relation to those below it, and negative in relation to those above it; 
tJjo5e ot the upper end being strongly positive and feebly ai 



chose of the lower end strongly negative and weakly positive. It he.s 
been saggeated ihat aulphnr and nitrogen ocoopy a position too near 
the negative end of the scale, they teing generally iesa negiitive than 
chloriQe and flnorine ; also tlial hydrogen Ehould he placed higher up 
in the positive division. 

46. A consideration of all the foregoing facts leads us to coudade 
that cnrrent electricity acts a moat important part in all the pheno- 
mena of electro -deposition. 

48. Thannlo OonaitlonB.— Dnder this head comparatively little can 
bo said, because it is that portion of the sobject vvhich has been 
the least investigated ; but it ia nuanifest that, aa heat is generally 
evolTed by the chemical combination of metals with metalloids or 
with acids, there exista thermic as well aa electric and chemical con- 
ditions of deposition. In a series of experiments with two plates of 
antimony immersed in a conducting liquid, the two plates being 
maintained at difierent temperatures, and namerons liijoida being 
tried, a weak cnrrent of electricity was developed, which passed from 
the hot metal through the liquid to the cold one. the hot metal thns 
being positive. This occurred in all cases except with liquids 
containing uneombined nitric acid. Since the publication of the 
first edition of this book in 1856, thirty years ago, the thermal con. 
ditionH of chemical aad electro- oh. etnical actions have been largely 
investigated, and may be briefly stated as follows : — 

1st. The decomposition of a chemical compound into its constituents 
ia attended by abforptUm of heat; whilst the fomation of that oom- 
poond by the union ot those constituents is accompauied by liberation 
of heat. And 2nd. The decomposition of such a compound, whether 
by ordinary chemical action or by aa electric current, absorbs esaotiy 
the flame quantity of beat as that which is evolved by those ingreilieuts 
whilst uniting to form that oompound. Thus, the amount of heat 
absorbed by decomxraeing 18 gramn:ies of water by means of the cur. 
rent, is the same as that evolved when 2 grammes ot hydrogen and 
16 grammes of oxygen are mised together and caused to chemically 
unite by inflaming the miirture. 

And as by the passaj^e of an electric current through an aqueous 
metallic solution, chemical combinations or decompositions arc con- 
tinnally produced at each electrode, heat is evolved or absorbed at 
liiose electrodes, and thermal changes constitnta an unportant part ot 
the phenomena of electro- deposition. 

By passing an eleotric cnrrent through distilled water (containing 
Eulpbario acid in order to make it conduct), by means of two pieces of 
platinum, chemical decomposition occurs at each electrode, and heat 
absorbed at each ; bat on passing the current through a solution of 
Bolphate of copper by means ot two copper electrodes, chemical union 
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ocoars and beat is evolved at the anode, wbOBtohemical decomposition, 
attended by absorption of hetit, takes place at the cuthode. 

The qaantity ot heat evolved or absorbed in these actions is 
measored in onits, termed calories. The usual unit employed is 
oalled the " gramme nnit," and is the amount of heat required to raise 
the temperature of 1 gramme (or 15'432 grains) of water from 0° C. 
to 1° C. ; or any other single Centigrade degree, say from. lo° to 10° C. 
The mode ot stating, in writing, the amount of heat evolved (or 
absorbed] by the chemical union (or decomposition) of substances is ae 
follows: — The chemical formulee representing the two reacting anb- 
stances are set down within a square bracket, the formula of the two 
BuhBtances being separated by a comma, and the number of units of 
heat evolved (or absorbed) is set down after the bracfeet, together with 
a plus sign to show that the heat is evolved and not absorbed ; 
absorbed beat is indicated by a Diinus sign-. Thus, the formnlra 
[Ha, Cla] = M0O0 + , indicates that 44000 units of heat (calories), or 
sufficient heat to raise the temperature of 4i000 grammes weight 
of liquid water one Centigrade degree, are liberated when S atomic 
weights in granunes (i.«., 2 grammes) of hydrogen and 2 atomic 
weights in grammes (or 71 grammes) of chlorine unite together 
chemically to form hydrochloric aoid. 

The lormnlsa used in thenuo-cbBmiHtry represent the same relative 
weights of BubBtances as in ordinary cberoistry; thus [Agj, O] repre- 
sent 2 atomic weights of silver, each weighing lOB, and 1 atomic 
weight of oiygen weighing Ifi. That ot [HjO, SO3] represents 1 
molecular weight of water HnO weighing 18, and 1 ditto of aulphnrio 
anhydride SO3 weighing SO. The atomic and molecular weights of a 
tew substances are given in Sections 55 and 5G. 

There exist two additional thermic conditions of some importance 
attending eleotro-deposition. One ot these is the heat evolved by the 
resistance which the mass of the liquid offers to the passage of the 
current throngb it — this is termed " heat of conduction- resistance " — 
and the other is the heat produced by the resistance offered to the 
passage of the current into and out of the liquid at the immediate 
snrfaess of the electrode; this has been termed " heat of transfer- 
resistance." All substances resist in different degrees the passage of 
an eieclrio current, and wherever theourrent passes through resistanoB 
it evolves heat. The conduction -resistanoe of nearly all metals is 
increased by rise of temperature, whilst that of aqueous solutions is 
diminished. 

In addition : — If a IJ. shaped glass tube is half tilled with any 
aqueous metallic solution, two perfectly similar pieces ot the same 
metal, say platinum, connected with a galvanometer, their tree ends 
then immersed in the liquid, the needles of the galvanometer allowed 



to retnm to aero, and then the liijuid in one of the limbs of the tube 
oareMly wanned, an electric cnrrent is nearly always prodaced, and 
more frequently proceeds from the hot piece o£ metal throngb the 
liquid to the cold one than the reverse. (See Proceedings of the Royal 
Society, 1884, pp. 251-290.) 

17. Inflnenoe ef Temperature on the Sepositliig: Liquid.— The strength 
of affinity between the different ftlements of a liquid undergoing 
electrolysis varies with the temperature of the liquid, and is almost 
invariably diminished by elevation of temperature. Rise of tempera- 
ture increases the electric condnctibility of an electrolyte, and decreases 
that of the metal plates immersed in it ; but the decrease of c^ondncti- 
bility of the latter is small in proportion, at moderate elevatione of 
temperature, compared with the increase of the former ; conaequeotly, 
the general eCect of heating a depositing liquid is to increase the 
rapidity of deposition. 

48. We have repeatedly observed, that with some solutions used at 
a high temperature for depositing, if the cathode was immersed in the 
liquid at the ordinary atmospheric temperature, and the liquid then 
heated to the desired point, no condoction or deposition took place; 
nor did it occur if the receiving metfil was taken out, washed in oold 
water, and re- immersed ; bat if the temperature of the liquid was first 
rAieed, and then the cold cathode snddenlj immeTaed, deposition took 
pitkoe freely, and the liquid might be cooled down many degrees with- 
mit stopping the action. In coating iron with tin in some solutions, 
if the iron was immersed before heating the liquid, no deposition took 
place, even at 150° Fah. ; but if the liquid was first heated, deposition 
occnired below 100° Fah. 

49. Influence of Light upon Deposition.— Light appears to exercise 
mncb less influence than heat upon electro -deposition ; in some oases 
however, where the elements of a depositing liquid are held together 
by unstable affinities, it decomposes the liquid and renders it unfit for 
^position ; tor instance, a solution formed by dissolving hyposulphite 
of silver in a solution of hyposulphite of soda has a tendency to bo 
deoomposed in this way. 

60, Dynamic or Mechanical Condltlona,— The various phenomena 
oeourring in a liquid undergoing electrolysis, may be viewed, in a 
mechanical or dynamic aspect, as a series of minute movements 
(attractions and repulsions) ooonrring between the various particles of 
matter composing the opposed surfaces of the liquids and of the metals 
immersed in them; for iiistn,nce, if we immerse a piece of zino in a 
solution of sulphate of copper and connect it with some mercury in 
the same liquid, by a platinum wire protected from the solution by 
a tube of glass or gutta-percha, the particles oompoaing the surface 
of the zinc, being all electro-positive, will tend to repel each othec. 



ftud the particles of the liquid surfnce in contact with it, being I'eudered 
electro-negative, will also tend to repel aiuih other, whilst the particles 
ot acid near, bein^ electro- negative, will attract the particles of zino, 
which are electro -positive, and tlie two will combine together and 
form a salt; at the same time, tlie particles of the liqnid surfwie 
in contact with the mercury, beiug made electro-positive, will tend to 
repel each other; while the particles of the opposed mercury surface, 
being rendered electro -negative, iviU also tend to repel each other ; 
whilst the particles of the mercury, beinf; electro -negative, and the 
contignons particles of copper in the liquid heing electro- positive, Idia 

) will combine together and form an alloy. The depoailion of 
copper npon the :iiic in this case na□^it be wholly disregarded, becaase 

LB quite a separate and distinct i 



ppose (Fig. 21) the vertical ri 




To pat tliia in a clearer form, 
particles Cu, Cu.Cu, 
Cu, to represent the 
copper anode of a 
sulphate of copper 
depositing liquid, 
and the row of par- 
tioles Hg, Hg, Hg, 
Hg.the mercury ca- 
thode, Pt, Ft, being 
the connecting wires 
from the battery, and 
the double row re 
presenting the par- 
ticles of acid SOj, Pjjj 21 
and copper On', num- 

posing the intervening liqnid; the particles of the anode sorfaoe, 
being all electro- positive, tend to rapel each other ; and the ci 
particles of Cu' and BO,, being all negative, also tend to repel e 
other, whilst the particles ot the copper anode, being positive, a 
the nearest particles of negative acid, and combine with them and 
form a salt; at the same time, the particles of Ou' and 80, n. 
the mercnry, being all poeitivB, tend to repel each other, whilst the 
oontiguous particles of mercury being negative, and the copper in the 
U^nid being positive, attract and combine with each other and form 
analloy. By this combination of simaltaaeous movements, the copper 
anode dissolves, and the mercury (or any other conducting substance 
which forms the cathode) receives a deposit, and the particles of cop- 
per of the liquid are gradually removed and replaced by those from 
the anode. 



51. TheeeattractionBai]dTepiilaio[is,lLke ordinary chsmicEtt actions, I 
B.re all snppoaed to take place at insensible distanoeB, at the matiiallf J 
opposed Borfaces o( the liquids and matals, and not to extend into I 
tbeir masaes, except so far aa they are tnixed with each other by I 
capillary attraction or ordinary mechanical motion, and can thera- I 
fore only take place where one or both of the substances rtre in a iiqmd 1 
state; if it were otberwiso, the combinationa and decomposition 
the whole masaes wonld probably oocnr inBtautaneonsly. 

52. In addition to those minute and invisible movemaats of the 1 
particles, there are other and sometimes visibla movements produced 
by oapiUury attraction and b; difference of epeoific gravity in the 
liquids; for instance, the salt formed at the anode, il it is eolnble in 
the liquid, is disaolved and gradnaUy diffused through it by capillary 
attraation or adbeeion, whilst from its greater specific gravity Ihaa 
the rerrniiuder of the liquid when disaolved, it tends to sink towards 
the bottom ; at the same time, the aciid set free at the cathode is Uke- 
viee gradually diffused through the liquid by similar means, and from 
its less specific gravity tends to rise to the surface. These movementa 
ftre of general occurence daring deposition, and in some solutions, 
especially if thev are very dense and possess a colour, are plainly 
visible to the unassisted eye ; and their occnrrence explains why the 
snbstanoes set free by deposition are not inatantaiieously transferred 
from one electrode to the other, bat occupy, especially in denae liqnids 
and with electrode 9 far apart, a considerable period of time in their trane- 
ferenoe; it also explains why, if depositing solal^ions are not oocasion- 
ally stirred, their upper portions beeome exhausted of metal, whilst 
their lower parts booome deficient of acid. Motion of the cathods ie 
generally considered necessary to make the deposited metal harder, 

53. Position of the Electrodes.— Tha position of the electrodes has 
Mnaiderable iullnence upon tha phenomena of electro- deposition. For 
instance — 1st, If the two electrodes in a depositing liquid are bori- 
sontal, with the anode above and the cathode below, the salt formed 
■t the anode will, by virtue of ita greater specific gravity, sink in the 
liquid, whilst the acid sat free at the cathode will, by its leas speoiflc 
gravity, rise upwards, and thns the anode will ba constantly aapplied 
with fresh uncombined acid, the cathode will receive a conatant supply 
d metallic salt, and deposition will continue without inten-uption. 
2nd, If the two electrodes are vertical in the liquid, and opposite to 
each other, similar differences of speciQc gravity will cause the lower 
part of the liquid to become saturated nith metallic ealt, aiid its upper 
part to consist of free acid mixed with the water; in consequence of 
this, the current of electricity will almost wholly pass from the upper 
part of the anade diagonally downwards through the liquid, t 
lower part of the cathode, and thus the upper part of the anoiie will I 




dissolve mpidly. whilat Its lower part will disEoIve bat slowly, and tbii 
cathode will receive a, rapid depoait at its lower part aud but vely 
littlo at its apper part. In tlua position, yertioal lines, and even deep 
(jrooves, are sometimeB produced in tiie deposit (especially if the upper 
part of the cathode slightly overhangs) by the ascent of streams at the 
lighter acid liquid from which the metal has been eshanated by 
deposition; if the solution is nearly a saturated one, and has beeu 
freely worked without stirring or disturbance for some time, crystals 
of the metallic salt are apt to form all over tbe lower part of the anode, 
which will be dissolved very rapidly at the snrfaoe of the liq^nid, and 
appear as if out by a knife ; in addition to these effects, if the solution 
is a very deep one, with much fr«e aoid, two independent currents of 
electricity will be developed, one in each electrode, by tHe uneqnal 
action of the two different strata of liquid npoo tlieir upper and lower 
parts. An instance of this will be found in " One Metal in Two 
Liqnids,"(9). in which these currents leave them at their upper parts, 
pass down through the liquid, acd re-enter them at their lower ei- 



H. Form of tbe ElectrodM.— If either of the electrodes be of an 
irregular form, or have unequal projections or hollows, the anode will 
dissolve most freely, and the cathode receive the greatest deposit of 
metal at those parts at which they are nearest each oth^r, and least in 
the hollows and more distinct parts. If the surface ot the cathode 
be rough, it greatly increases the teadeacy of the deposit to become 

66. Uatliematlcsl ConilltlonB. — DefiaiU Chemical Action. — In the com- 
bination of different elementary and compound snbstances with each 
other, by ordinary chemical affinity, it has been observed, and nccurately 
proved by analysis, that their combiuatiocs invariably talie place in 
certain definite proportions, or in very simple multiples of those pro- 
portions ; and as iu the first of these cases it ia inferred that their 
combinations with each other oi»:Qr, one atom with one atom, the 
numbers which represent those proportions represent also the relative 
weights of those atoms to each other. The following table contains 
the names, symbols, and atouiio weights ot nearly all the known 
simple or elementary substances: — 



Aluminum . 


Symbol. 
. . Al 


.atomic 
weight 
.- 27-0 


Nnine. 
Boron. , . . 


Antimony . 


. . Sb 


.. 120-0 


Bromine. . . 




. . As 


.. 73-0 


Cadmium . . 


Barium . . 


. . Ba 


,. 137'0 


Caesium. . . 


Beryllium . 


. . Be 


,. 9-0 


Calcium . . . 


Bismuth . . 


. . Bi 


,- 207-O 


Carbon . . . 



^ „__...... !H 


Same. ajn.tiol. i^^° 


N«ne. Symbol. i^/^J^ 


Cerimn .... Ce ... 141-0 


Palladium . . . Pd ... 106-5 


Chlorine . 




. CI .. 


35-6 


PhoBphoras 




P ... 31-0 


Chromimn 




. Or .. 


53-5 


Platinnm . 




Pt ... 197'0 


Cobalt . 




. Co .. 


69-0 


Potassium 






K ... 39-1 


Copper . 




. Co .. 


63-5 


Rhodium 






Bo ... 104-0 


Fluorine . 




. F .. 


19-0 


Rnbidium 






Rb ... bfi-O 


Galliim . 




. Ga .. 


60-8 








Rn ... 1040 


' Gold . . 




. An ,. 


196-S 


Beleninm 






Sa ... 79-6 


Hydrogea 




. H .. 


1-0 


aUicon . 






Bi ... 28-0 


Indium . 




. In .. 


72-0 


Silver . 






Ag ... 108-0 


Iodine . 




. I 


1270 


Sodium . 






N» ... 23-0 ' 


Iridiam . 




. Ir .. 


197-0 


Strontiara 






Sr ... 87-5 , 


Iron . . 




. Fg ., 


oG-O 


Sulphur . 






S ... !!2-0 ^^ 


Lead . . 




. Pb .. 


20G-5 


Teliarium 






Te ... 129-a-.^^H 


Lithiui . 




. Li ., 


7-0 


ThaUium 






Tl ... 204-D ^^H 






. Mg .. 


24-3 


Tin . . 






Sn ... llS-0 ^^H 


MangaoesB 




. Ma .. 


55-0 


Titanium 






Ti ... 50-0 ^^ 


Mercury . 




. Hg .. 


200-0 


Tungsten 






W ... 184-0 


Molybdennn 




. Mo .. 


96-0 


Uranium 






U ... 240-0 


Nickel . 




. Ni .. 


fi9-0 


Vanadium 






V „. 51-0 


1 NitK^n 




. N 


1-iO 


Zinc . . 






Zn ... 65-0 






. Ob .. 


lil9-0 


Zirconium 






Zr ... 90-0 


Oxygen 




. O .. 


16-0 




66. Ah there ate n narabet ol compoaud BubatanoBB used in electro- 




will be useful to the practical depoBitor to know tliair combining pro- 


portiouB in making the different salts used in the art, vte have selected 


thoe^ which are likely to be required, and give their names, symbols, 


; and molecular weights :— 


Water, H,0 = 18. 


Carbonate of Magnesium, MgCOj 


Sulphnrio Acid (Oil of Titrol). sp. 


= M. 1 


gr., 1-848; HsSO, = 98. 


Oxide of Zinc, ZnO = 81. 


1 Hydrochloric Acid (Spirit of Salt), 


Sulphate of Zinc (White Vitrol) 


Bp.gr., 1-21; HOI, 3H5O=90-5. 


Zn90, + 7H,0 = 287. 


Nitric Acid (Aqna-FortiB) sp. gr.. 




1-63; HNOj = 63. 


Ronge) FesOj^ieo. 




Salplmte of Iron (Greaa Vitrol), 


volatile) = a36. 


FeSOj + 7H,0 = 278. 


Ohloride of Ammoninm (8al-am- 


Black Oxide of Copper, CnO = 79-E. 


mcmiM), H,NCl=53-5. 


Oxide of SUver, AgsO = 232. 


GftUBtio Lime, CaO = 56. 


Sulphate of Copper (Blue Vitrol), 


Calcined Mafinesia, MgO = 40. 


CuSO, + EH,0 = 249-5. 



44 

Chloridaof Silver, AgCl = 143-ti. 
Hydrate o( Potassium (Fuaed 

CaOBtic Potasb), KHO = 56'2. 
Carljoaiite of Potasaiom (Pearl 

Ash). K..,COa = 138-2. 
Carbonate of Sodinm (Washing 

Soda Orystais), Na.jCOi+ lOHjO 



Ul'2. 

3 = 308. I 



>ii5al-t) 



Oxide of Gold, AujO,=441-2. 
Chloriaa of Gold, AuCl3 = 
Chloride of Platinnm, PtCli=268. 
Cyanogen, Cy = 20. 
Cyanide of PotassiQm,KCy = 65-3. 
„Zino, ZQCy.j = 117. 

„ „ Copper, -CuaCyi^ 204. 

„ „ Meronry, HgOy!!=251. 
„ Silver, AgGy = 134. 

,. „Qold,-AnOy8=274-e. ' 



Chloride of SDdiaia(Cominc 

NbC1 = 68-6. 
Nitrate of Silver, AgNOj = 

Unleas the student possesses a sufficient amonnt ol knowledge of 
chemistry, he will not be able to use the Tables of Atomio and 
Molecular Weights with perfect BucoBBa. In order to fiill^ nnderatand 
those tables he most be able to read and interpret ohemioal formnlw, 
BJid know the miennings of the terms — atomio and molecnlar weight, 
combining proportionfl, equivalent weight, atom, molecnle, monad, 
dyad, triad, monobasic, bibasio, &a., and to acquire this ability be 
should receive chemicnl instruction. 

57. Definite ElectTD-QiemiDal Action. — The chief mathematical con- 
dition of electro-deposition is, that in every case, all the actions, both 
of oombinatioii and decorapoBition, take place in certain definite pro- 
portions — that is, according to the relative equivaleet weights rf the 
Bubatancea, combining or being decomposed. For instaaae; — 

let. With One Metal and One Liquid. — If a piece oi pore iron is 
immersed in a sointion of sulphate of copper, it is dissolved, and 
copper is deposited ; and for every g6 parts, or one atomic combining 
proportion of iron dissolved, 63*6 parts, or one atomic weight of copper 
are depcwiCed, and 98 parts (one equivalent) of hydrate ot aulphurio 
acid (common oU of vitrol) are separated from the copper, and com- 
bine with the iron, forming therewith one equivalent of protosulphate 



of ii 



2nd. With Two Olttalt a 
piece of silver in mutual C( 



-It a 










B immersed in a solution of nitrate 
of silver, the zinc will dissolve and the silver receive a deposit ; and 
for every 216 parta of silver deposited, 65 parts of kLuo will be 
dissolved. 

3rd, With One Metnl and Ttco Liquid), — If one pieoe of copper is 
immersed In a solution of sulphate of copper, and another in dilate 
sulphuric acid, the two being connected together by a wire, and the 
liquids touching each other by a porona partition, copper will be 
dissolved in the dilute acid in the proportion of 63-5 parta for every 
OB'S parts of copper deposited in the metallic solntions ; and for ever}' 

parts, or one equivalent, of liydrate of sulphuric acid set free at the 



J 



I ^vMtbode bj the deposition of the eqai-volant of copper, one eqnivaleiit 
It ^ boid will combine witb a like amoiiiit of copper at the anode. 
I 'Ith. With Two MetaU and Tioo Lii/uids.—U we immerse a piece of 

zinc in dilute sulphuric acid, and a piece of silver in a solution of 
doable cyanide of eilver and potasaium, the two metals being con- 
nected by a wire, and the liquids touching each other by a porouB 
partition, one equivalent, or 6S parts, of zinc will combine with one 
equivalent of the acid, and one equivalent, or 216 parts, of silver will 
be deposited, setting one equivalent, or 26 parts, of cyanogen free. 

5th. With a Separate Depotiting Liquid. — If the plates of a battery 
are connected by wires with two pieces of gold in a hot solution of 
donble cyanide of gold and potassium , for every atomia equivalent, or 
iy6'5 parts of gold deposited, and one equivalent of cyanogen set free, 
one equivalent of gold will combine with one equivalent of cyanogen, 
and dissolve; and not only this, but for each of these aations one 
egnivalent of zino will combine with one equivalent of acid, and one 
equivalent of hydrogen will be evolved in each of the battery cells 
supplying the ourrent of electricity. 

6th. Wilh a, whole Seriei of Depoiiting Liquids, — ^Bnch, for instance, 
aa Bolntioas of sulphate of oopper with electrodes of copper, — arranged 
as in Figs. 15 end 17, — connected with e, piece of zino immersed in dilute 
snlphnrio acid, and a piece of copper immerBed in a solution of sulphate 
of copper, the last two liquids touching each other by a porous 
diaphragm, the whole of the combinations, decompositions, and de- 
positions throughout the aeries, will occur in the proportions of their 
molecular weights or chemical equivalents. These, and many other 
instauces which might be adduced, prcve that all the electro-chemical 
actiona taking place in any given circuit occur in certain definite pro- 
portions, and that this definite electro- chemical action is one very 
important condition of electro- deposition. 

58. Binary Theory of Eleotrolysle.— This law of definite electro- 
obemical action was Urst established by Faraday, and in addition 
he advanced what is termed the binary theory of electrolysis — that 
" only those oomponnds of the first order arc dirently decomposable by 
the electric current which contain one atom of one of their elements tot 
each atom of the other ; for instance, compounds containing one atom 
of hydrogen or metal with one atom of oxygen, iodine, bromine, 
(■hJorine, fluorine, or cyanogen;" whilst "boracic acid (BOg), 
sulphnrons acid {SO;), sulphuric acid (SOjt, iodida of snlphor, 
chloride of phosphorus (PClj) and (PCI,), chloride of sulphur (SaCi), 
chloride of carbon (CjClj), bichloride of tin (SnClj), terchloride 
of arsenic (AsClg), quintochloride of antimony (BbCl,)," are non- 
conductors of electricity, and incapable of electrolysis. Soma 
Hubstannes, which are not of the sim^!'^ binitry oharootcr n 



are decompoBed by cnrreat eloctricity, Emd yield (heir positWe and 
negative ^meut b in equivalent proportiana at the respective electrodes ; 
bat, aooording to this tlieoiy, they are indiTeettg decomposed, i.e., they 
are decomposed by the chemieal action of Bome o( the elements set 
bee by the direct action of the corieiit upon, other sabstanaeB present. 
For instance, " fused horai (biborate of soda NaO, 2B03| yields oxygen 
gas at the anode and boron at the cathode; now, since fused borax. is 
not deoompoaable by the eloatrio current, the separation of the boron 
tnnst be attributed to indirect action ; the cnrreiit resolves the soda 
(NaO) into oxygen and aadium, and the tatter Heparates boron from 
the boracio acid" — (Faraday). Again, an aqueous aolntion of anunonia 
(HO.NHj) yields, by eleotrolysia, nitrogen gas at the anode and hydro- 
gen at the cathode. In this case, according to the theory, it may Iw 
supposed that only the water (HO) is directly decomposed, and that its 
oxygen, set free at the anode, combineB oheminally with some of the 
hydrogen of the ammonia, again forming water, and thus indireatly 
its nitrogen is set free. 

59, Mathematical Idea of Elactro-depoEitins Force.— A consideration 
of the law of definite electro-chemical action, and the binary theory 
of electrolysis, leads as to view the electric current or depositing force 
in a mathematioal aspect, as " an axis of forces equal in power, but 
opposite in direction," because, lor every atom of an electro-positive 
Bubstance attracted or transferred in one direction, an equivalent of 
n^ntive snbstance is attracted in the opposite direction. It also Bug- 
gests to ns the idea that an intimate connection exists between those 
equivalents or mathematica! relations of matter and the development 
of current electricity by chemical action, and its transference through 
liqoidB by eleotrolyaia, becausa ihesB phenomena only occur when the 
mathematical conditions are present. 

60. Sizes of Eleotradea, Uqnlds, aud WirsE. — The rapidity of depo- 
Bition is influenced by the area of the electrodes, the length and section 
of the intervening liquid, and of the connecting wire ; the larger the 
immersed snrfaces of the metals, the shorter the length and the 
greater the transverse area of the liquid between them, and the 
shorter and thicker the connecting wire, the more rapid is the process 
of deposition. If the anode is very large and immersed in the lower 
part of tlie liquid, and the cnthode very small and suspended near the 
Borface, much more metal will be dissolved than is deposited, gas 
being generally evolved at the cathode in place of some of the metal 
deposited. 

(tl. Rapidity of DepaEitlon. — The character of the deposited metal 
is very much influenced by the rapidity of deposition : if it is deposited 
very rapidly, it will be in the state of a perfectly black, soft, non- 
coherent powder j if deposited more slowly, it will possess the ordinary 



charttoterB ot the particolar metal; and if deposited very alowly, it I 
will be cryBtalliue, because the atoms are then allowed aofficierit ticae 1 
to arrange tbemselvee in the oryBtalliae form, 

62. Logloal Conditions. — The logical coudilioaa are — 1st, that thate I 
is a difference at the diEsolving and reoeiving surfaces, either in the | 
" material eubitratum " at metal, of iiyuid, in the forcei involved 
all combined, both of ohamical affinity aad electricity, probably also 1 
of heat and of motion ; and, 2nd, that in all cases of deposition there 1 
are certain chemical, electrical, thermic, dynamic, and mathematioBi | 
conditions invariably present, and certain other conditions of each <rf 
those kinds invariably absent, both of which classes of conditions are 
necessary to the production of the phenomena ; the whole of the neces- 
sarily present oironmstanoes constituting its causes, and all the neces- 
sarily absent ones oonstituting its pre~ventives ; thus, if all the Danses 
of deposition are present, and all its preventives absent, depositioi 
will invariably occur ; but if only one of its cassea is absent, or one o 
its preventives present, dopositlon cannot take place. 

63. Ontolagloal Condition.— The last, the ma 
evident, and moat simple condition of all depoaiti 
liquids, and forces are reqnired in order to prodi 
oomplete exposition, however, of the principles and facts upon whioli 
EkU electro- deposition depends, the student is recommended to coQ- 

■anlt a small book on " Electro-Ciiemistry." • 



necessary, most I 
is — that metals, 
it. For a more 



64. Objects of Practical Depoaitlaiu— In the theoretical division n 
have brought forward a large number ot instances, both of deposition 
and non- deposition ; and from a considecation ot tliem we have drawn 
conclnsiouB both as to whiit substances and what conditions and 
arrangements of those substances really exist in all cases of deposition, 
and in similar cases of nou-depoaition ; and we hava pointed out in 
what respects the conditions varied. Our object in poraning this' 
course was to impress the reader with a fuller knowledge of tho 
theoretical principles on whioh deposition dependa, in order that he 
may be better able to apply his knowledge to remove diffioultisa 
which arise in bis practice. Now, however, our object is different; 
it ia to instruct tho reader how to apply those principles in daily 
working, to give hini practical rulea, recipes, and directions for carry- 
ing out the various minuto poinia in workshop manipulation ; and to 
enable him to obtain the greatest degree of praotioaJ succgss. 

65. Ssnetal Arrangement of Apparatus, &a. — The practical part 
vrill be best arranged by beginning at the very oommenoement ; and 
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iiBSimiuig the reorder to be without mEtcrialB or apparatas of any 
bind— thot he has to provide a workshop, prepare Ms aolationa, 
batteries, scoaring and cleaiiiiig apparalos ; that he hus to clean his 
artialeE lor receiving deposits, and prepare his materials for moulds, 
before he can commence the prcxiess of deposition, gradaaily acquiring 
a. knowledge, as he proceeds, of the kind of depositing process beati 
fitted for hia parpose ; of the most anitahle source of depositing power; 
the best solutions; the beat melhodH of making solntions; the oon- 
atmction of voltaic batteries and of dynamo-electric machines; the 
rules for regulating the currents of electricity, and the cliaraater of 
the deposited metals; rules far depositing metals generally, as well 
as for oleajung and preparing metal articles to receive deposits ; copy- 
ing works of art by moulding ; preparation of moulds for receiving 
deposits; malting solutions for ordinary coppering, silvering, and 
gilding ; and for the management of those solntions ; — information on 
all these points it will be our ts.sk to supply. 

66. First Consiaeratlona. — The first step in practice is, to consider 
the probable magnitude of the operatioos to he carried on, and to 
provide rooms of suitable size. These shonld ho npou the ground 
floor (except for electro- dilding) , well hghted and ventilated, with con- 
veniennes for the erection of boilers and drying flues, for placing 
washing trongha, depositing vats and batteries, and for the escape of 
unwholesome vapoars ; tliere should also be ready access to a plentifnl 
supply of clean water. The establishment should consist of at least 
three rooms, and an open yard with an outhonse ; an upper or more 
private room for gilding, a ground-floor room for silvering, and another 
ground-floor room for the coarser work, such as coppering, hrassing, 
and the preparation of the larger and coarser articles for receiving 
deposits. The outhouse is for the batteries, and the yard for washing 
the battery ceUa. If a dynamo -electric machine is employed, an 
additional small, dry, and clean apartment will be required, which 
should be reserved for it alone. 

67. BoHers, Furnaces, — For the ptu'pose of general deposition, 
several largo iron boilers, with furnaces beneath, either in the cop- 
pering room or in close proximity to the silvering-room, are required ; 
theae are to contain solutions of caustic potash for cleaning articles. 
A. low furnace should be erected between those rooms, having a long 
horizontal fine covered with plates of iron, for drying deposited or 
plated articles upon; the room for coppering shonld be furnished 
either with a low furnace or stove for heating the solutions nsed for 
coppering or brassing iron. Each room, whether for coppering, silver- 
ing, or gilding, ehould be provided with a tap of running water, and a 
leaden trough beneath, for wasting the amallar articles ; and the oop- i 
perina-room Rbould he furnishad with one or two large wooden tnbs 



or trouglia, SUad with water, for waslimg articlsa of larger size; botb ^^^^^| 
this room and tlie outliouse abould cnutaiii a namber of l&rgs etoiW' ^^^^H 
ware pane and jara, oval and round, at different aizes and proportion!, ^^^* 
fo contain the vnriooa "piokling" aad "dipping" liquids, acids, or 
"spent Bolntiona." Several large iron trays, filled with sawdnat, 
should also he provided and fitted upon the fnmaoe Sue, for drying 
plated and deposited articles npon. Ea.i!k of the rooms sholild be 
provided with a " scratch -brush lathe," for scoaring the various 
articles. TKe gilding - room sboold liave several small atovea for 
heating gilding solutious, or, in lisa thareof, several iron tripods, with 
Bmisen bumera beneath. The Hjlvering and coppering- rooms shonld 
each be provided witli one or two pairs of large and weU-inanlftted 
ooppec wires, procoeding from the depositing vats to the batterios 
or dynamo- machine. The gilding-room will not require these, small 
batteries only being nssd in it, which are kapb in the same room. 

6a. Sonroaa of Eleotrldty.^A point for early consideration will bo 
whether a dynamo machine or batteries shall be used as the source of 
generating energy. The choice will depend very mnoh upon the 
amount of work to be undertaken ; if the quantities of materials to be 
operated npon are large, then the dynamo is the most eoonomic; if 
small, and the work is carried on only at intervals, then batteries may 
be mors convenient. The question of a dynamo also involves that of 
motive power and apace. Small gas eaginoa or petroleum engines may 
prove more satisfactory than Btaam engines, especially in small 
factories, but a great convenience will be gained when the system of 
distributing power is carried out in one large towns either by hydraulic 
or electrical tnaina through the streets. 

69. Conatruetlon or Dyaama iaaclklu.es.^The simplest form of appa- 
ratus for generating current electricity by the joint influence of 
magnetism and motion has been already described (§ IS), but the 
apparatus required for practical work is far more elaborate and costly 
in its construction. If we take a magnet we find that it will exercise 
■ directive influence over certain materials, such for eiample as iron 

I filings, BO that if a sheet of paper is Laid or held inunoiiiatety over a 
magnet, and iron filings be sprinkled upon the paper the filings arrange 

I themselves symmetrically under the a-^tion ot the magnet and form a 

I series of closed corves from one point of the magnet to another pomt. 

I These points are near the ends of the magnet and are coUed its poles. 

' It is also found that the influence of the magnet decreases with the 
distance from the poles ; and the whole area over which the infiuetica 

I la excited is called the " magnetic field." The lines in which the iron 

' filings arrange themselves under the infiuence of the magnet ore 
called the " lines of magnetic force " or ahortly " lines of force." The 
strength of a magnetic field depends upon the number of " lines of 
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rtrcfl per omt area m that field. It is found Uiat when a condnotor, 
moh ia a, oopper wire is moved into a, tnaigaetic field, bo that the lioM 
of foroe ara cut through by the condnotor, an electric current is gens- 
nteddiinii^ its motion. It is also noticed that a wire thes mOvBd 
IS th lines towarls one pole of the mnanet 1ms gpii 




oiuTent Bsemingly opposite as regards direction to the onrrent gene- 
rated when approaching tho other pole of the magnet. The objeot of 
mo3eni oonatructorH of dynamOH has been to obtain a very Btr( 
netic field by means of eleotro-mngoBts, and to rotate copper 
onitB wonnd npon iron throngh this field. This rotating part is oalled 




tba ftnnatore. The elactco-magnpts (field magiiets) Bra so arranged 
t« to Itruig tba opposite poles ah aear each other as possible, allowing 
■pace for the armature to rotate between, and as each coil oE ths 
armature in eaoh rotation pasaes in front, first ot one pole, then ol 
the other, the current generated in the aoil alternates in direction. 
Pot oertain pnrpoaas such alternating oarreiita can be utilised as gene- 
cated, but they are not applicable for pnrpoaes ot electro- deposition, 
Aa addition is thereFore made to the machine to collect the currents, 



FiQ. 9.1 , 

throw them into one uniform direction, and convey them to the deposit- 
ing Tat. This is the uommutator, which is shown in a simple form 
in Fig. 23. Two springs or brushea (DE) press fl:;ninst the oommn- 
tator (C), which, in Fi^. 23, consists of fonr quadrants ot copper or 
btaas monntod on the s^me axis, bat i nsulated tram it, and from each 
nlher. The brushes and quadrants are 90 arranged at their points at 
mntnat contact that, jast at the momeut that the ourrents are chanjjed 
in direction by the iii'matnro passing the magnet, the revolution of 

Fio. 24. 
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the axle causes the points of contact ot the springa to paaa from o 
qoadraDt to the other; and thnfl. by reversing the connection at t 
moment the direction ot the oarraot is changed, an uniform direction 
at oorrant is obtained in the wirea beyond. This action will ba better 
nodemtood by an c:tamination ot Fig. 24. In a dynamo, the oompleta 
oondnctivQ circuit is mode up ot the armature coil, the two ends 
of which are connected to commutator bars, nnd from the bara, by 
bmslieB, to on external circuit. Fig. 24 shows this in a simple form. 



I the rotating axle or shaft of the dynamo, apon which are two 
• bars (P, P') of brnss or copper, insulated from the 
axle, and from each other. In ivu actnal muchina there are asaallT 
a number of armature coils, and a corresponding nnmber of aom- 
mntator burs, and not two only, aa shnwrt in these diagrams. The 
estemal connection between P and P' ia made by means of tha 
bmsheB B, C preasin; npon P anfl P' reapeetiyely, theae bruahflfl being 
connected by wire or other eondncting material, snch as a depositing 
Uqnid. The armatnre coil, or the internal part of the circnit, has its 
ends D, D' oonnected to the bars P, P'. The antion to be conaidered 
is a follows: — The armature coil vhilst being rotated in the magnetic 
field has a current geiiprated in it, say, in the direction D to D'. 
Let us trace this current through the complete circuit, that is 
throngh the intemal and external portions commencing at D. Tha 

arrows > bIidw the direction to D', from D' the carrent goes to 

the brush C, throush the esternal wirj E B, the depositing vat T to 
the brush B, and tlie bar P to the starting point D. This completes 
one action. Now, consider the axle rotated throngh 180°, the 
position of the bars P and P' will be reversed, but, for the purpose 
of simplifying the explanation, we will suppose the brushes B and 
G reversed to B' and C. In the new position the current in the 

armitiife coil ia from D' to D, as shown by the arrows >~> from 

D to the commutator bar and to the brush C, from whence throngh 
the external circuit I'n the same direelion as heforc to B', thus showing 
that, although the direction of ths current is reversed in the internal 
part of the circuit, the direction is unaltered in the external portion. 

The dynamo (Fig, 25) has been designed by Prof. G. Forhea 
especially for depositing pnrpoBci, and consists essentially of a 
revolving mass of iron, which may be called the armature. It 
may be a disc or a solid cylinder. The latter is best. Round the 
middle of the oireumference of this revolving mass a circular cofl 
of iron is wound. It does nob revolve, but remains fixed. The 
cylinder is placed inside an iron casing, which may be called the 
field magnetic. This ctsing and the armatnre enclose the wire 
coil. The casing is fixed to a bed. plate. An electric current sent 
throngh the wire-coil magnetizes the machine. The wire is in an 
annular space. One of the collectors must be inside this annular 
space and one must be outside, and both must rub on the revolving 
cylinder of iron. The arrangement of brushes varies in different 
types. The machine described ia suitable for 3 volts to 6 volts, giving 
currents from 10.000 amperes to any required amount, depending 
on the size of machine. A machine with two discs, fitted at Pbila- 
deiphia, Pa., in 1S31, eava 58 volts. It only gave 3,117 amperes, 
^lecanse the discs have more resi^tbince than a solid cylinder. Designi 
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haTO bean made for compoaniiag the effoct, and iiioroasing the 
E.M.F. This machine has no CDnunatfttot, and no witEte magnetin 
field, and may be said to be a simple practical adaptation of 
Faraday's original experiment to abtain a current from a diao 
revolving between tba polea of b. magnet. 

Fi(!. S6 showB a machine of the Gramme type, designed and boilt 
by MeBsra. R. E. Croi:iipton & Co., for electro-depoEition. This firm 
prefers machinea of a moderate, rather than a very low, elaotro- 




as tlie cost of 
with the lownesH ol the E.M.F. In 
machines giving; vary large carreots the anoatnre condriGtors, which 
Bometimes take tbs form of copper bars, are apt to get very hot from 
local or I'oncanlt carrents, In the machine ahowu iu 1 
eonroe of tosa is obviated by a new method adopted in the winding. 
Each conductor on the outside of the armature is split inti 

!ad of a IftFRe bnr, two U'liitllcr burs are laid side by side. 



groove is tcrued 
prevents tlie Fouoault 



'Icr the other bulf-way ii'tiiif; the nrmittiire. JL 
the croaeiiig. Ihia 



e forco ii 



?jch of 
the 




same, aud there 
tendency for a current 
to go aloDg one and back 
BgBia by the other, an 
there woald be if the 
two bars were merely 
laid Bide by side, inateail 
ofaroasm^oiicund^rthe 
other. Fir. 27 ahows a, 
Yictoria dyniimo aacou- 
stracted by the Ai^glo- 
Amerioan Brush Elec- 
tric Light Corpora. tion 
tar electro - depositing pm, 27.— 

paxpoaea. Tbia mikchine 
nifty also be said to ba o* the Gramma typo, but with a flattened ring 
or disQ armature in place of the ring armiiture. 

Fig. 28 flbowa iinother type ot maohine also construuted by &■■ 
Brush Company. Thia machine is luodllicd tLum the original Bnuli 
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hghting dynamo and has a 

a coil ibaL 
the Victoria dynanu 

To es].1ain the action of a dynamo maohine n 
Buppoae NS NS (Fig 29), to repreaant the polea 



e fally, we 
m pound h 



1 the direction of tlio Inrge arrowB. When a coil 
) moving totnarda a pole of a magnet, a current 
of electricity is dsvaloped 
in the wire in otm direction, 
and when the coil is moving 
from the pole of the magneti 
a, oDirent ia produced in »n 
opposite direction. Theie 
onirenta ore reversed in di- 
rection if the pole ol the 
magnet ia reversed ; bo 
that the current developed 




! by . 



! it 



nrda the south pole of 
nagnet, ia the B 



direction as that prodttcad 
by moving it from the TOU(A 
pole. We will now snp- 
pose that the onrrent pro- 
duced in the wire B, moving 
from S to N, is in the direction of the small arrow surrounding it, 
via., ;e;V-handed motion ; if bo, the current of the wire D will aiao 
be le/f-handed in direction, hecaUBO it also ia moving from a eonth to 
» north pole ; whilst the cnrrents in the wires C and E will be 
rijAf-handed, hecaiiss both those coils are moving from north to 
Boulh poIeB, 

From these remarks, by careful attention, it may bo perceived: — 
iBt, that the currents of electricity, in all the coila, are reversed is 
direction four timea in every revolution ; 3nd. that to obtain a onrrent 
ol one nnitorm direction from all the four coils {by conducting the 
whole four into one stream), dnriug only one qwirter of a revolntion, 
i^., from one pole to the next one, it ia necessary to connect the enda 
d the wirea of the coila of B and D of in an opposite manner with tha 
bars of the commutator (Fig. 23). to those of the ooils of C and E ; 
and, 3rd, that as the currents in all the ooils are reversed in direction, 
the two springs which press npan the semi- cylinders, mast, by soma 
means or other, he reversed in tlieir order of connection with all the 
wires every time, and at the same moment, that the reversal of 
lirection takes place in the coils, in order to throw the whole of tha 
onrrents during a complete revolntion into one nniform direction in 
the springs and in the wires which convey the currents from the 
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the depositing vessel. 
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70. The Voltaic Baltory.^EBch of the atrBngementB of metala and 
liquids wbicli have been desoribed ander tbe head of " Facts," and 
whioh develop a cacrent o£ electricity, coaBtitutes on elementary 
voltaic battery — a battery in all its essential parts, but not in oatward 
lomi. All voltaia batteries consist of one or other of those theoretical 
arrangements modified aod adapted for practical use, and are oom- 
posed either of two metala and one Uqiiid, or two metals and two 
liquids, beoansa these two arrangemen-ts develop tbe greatest amoont 
of electricity, and are most convenient in nse. In the theoretical 
iona, any kind of metal of any si^e or shape, with almost any 
electrolytio liquid, and with any kind, shape, or size of containing 
vesaal, will develop a anrrent of oleotrioity and produce deposition; 
but a practical battery oausists of particular metala and liqnida, of 
partionlar sizes, shapes, and proportions, and at certain difltanoaa 
■part, with suitable screws attached for connectioua, and with con- 
taining vessels made of particular materials, and of spociail forma 






71. The kinds of batteries moat i 



•■ for electro - depositioi 



lat. The old zinc and copper battery (Kg. 30), each pair of which 
consists of a cross piece of wood (B) at the top, with a groove in it for 
passing down the zinc plate, and twi> 
copper plates (D), one on each side of 
the zinc, which are prevented from 
toaohing it by a alight frame of wood 
attached to the cross piece ; the zina 
plate ia movable vertically, and has 
a etrang cramp binding 
^__ screw (Fig. 31) attached 
^^^P _ to support it at any given 
H ^B^ lieiijht, and with which 
H H lo form connections; the 
Fio. 31. '"'PP^'' plates are con- 
nected together by a atrip % 
of sheet copper, by means of a era 
Unding screw ; they do not touch the 
bottom of the vessel by several inches, 
being snpported by the cross head i:'ia. M). 

upon the upper edges of the vessel. 

3nd. Smea'a battery of zinc and platinized silver is similar in 
arrangement to the one deacribod, enoept that the sheets of platinized 
silver being eiceedingly thin, are stuck upon the board by shell* 
vamisb, the board being previously saturated with that ButetancB tl 
prevent the bnttery liquid from acting upon it. 




ard. Daniflira battery (Fir. 32), conaiating of a piece of zinc, 

either in tlie form of a, rooud bolt or thin oyliiider; this is immersed 

in dilate Bnlpbnrio acid, and a nyliii- 

fder of sheet copper imaiersed in > 
Bolation of aolpbate of copper, the 
two tiquide being separated by a 
porous diaphragm ; the zino is gene- 
rally oontaiued with the dilnta ooid 
in a. porous vessetl. whiuh is immersed 
in an outer vessel combining the 
oylinder of eheot copper and the sul- 
phate solution, or the outer vessel 
itaeli is formed of copper, and con- 
stttatea the negative mctOil. In eaoh 
case a small porforatad shelf is placed 
near the upper end of the battery, 
j^o. 32. containing crystala of snlphate of cop- 

per for supplying the outer liquid. 
4th. For purposea where a oarrent of considerable electromotive 
force (E.M.F.) ia required, a battery Doneiating of carbon and ^xao, 
in a, solution of chromic acid, is sometimes provided. 

72. Battery Calls. —The form of ceOa lat these hatterieB is generaUv 
either roand or square; for i/nall batteries, either of the old zinc ani! 
copper kind, or of Smee's arrangement, sqaare ones are generally 
used, bat for small Daniell's batteries, or for large batteries of either 
of these kinds, round vessela are almost invariably udoiited. They 
ore made of stoneware, glaaa, or gutta-peroha. The firat of these is 
univeraally nsed for large batterisB of aJl kinds ; giass ia too eitpensivc 
for larga vesssla, bat it possesBea the great advantage of enabling thu 
operator to watch the action of the batteries, and ia now being 
moulded into large vesBals for the uaa of some of the electro-plata 
mannfaoturera ; gutta-percha has also been used, but poaaeases rather 
leas advautage upon the whole thiui the other materials, being opaqne 
Bjid expensive, while the zinc salt of the battery liquid passes rather 
rapidly over its edges by capillary action. 

73. Porous Cells. — ^When Daniell's or any other battery with two 
liquids is naed, porous vesaela are required to allow the two liquids to 
touch each other without mixing ; they are of throe kinds— ouglazed 
earthenware, wood, and bladder. The first of theaa is the only kind in 
USB by manufacturers ; they should always be kept in clean water when 
not in ussi to remove the salts of the battery liquids from them, to 
pravunt their cracking, and to preserve them ready for immediate use. 

74. Zinc for Batteries, — The best kind of nino for batteries, and the 
kind chiefly in use by electro-plbters, is the Oemiau or Li^e zino, 



known tta " MosselmBn's," from the name of a former mnnufacturer o( 
it. The thicknt'ES of tlie plate should vary with the size of the battery ; 
the smallest ehould not be less than one-eighth of an inoh thick, on 
MOoont of its brittlenoaa when atnotgamBted ; large ones ara generall; 
about one quacter or thros-eighths ot an inch in thiokueaa. Ziuc bolts 
tor Danibll'a batterioa are generally made by melting together a nam- 
berof old worn-ont piocea of battery plutea. and casting it in a auit- 
able mould. miGBiaa ziao is also much used. 

75. AmalKamaUoa of Zlno.— Zinc plates or bolts are beat amslga- 
nuted by immersing them about five or ten minutes in a mixture of 
lAont one part ot solphurio aoid and ten or twenty parts of water ; then 
ponring mcrcnry upon them, and robbing it all over them with a hare's 
toot or piece o! old uloth, usln^ a amull hard brush for the refractory 
plaoea ; they arc then washed in water, and drained for half an hour, 
aDd brushed, to recover the anperdous mercnry. All grease mast be 
Cret removed. 

76. Copiier tmit Platinized SUvor for BatteTlaa.^Ordinary aheet 
copper may be usal for this purpose, and platinized silver may be 
obtained of most philosophical instrument mak'^rs, or it may be easily 
prepared by any one of the following means :^Immersa a piece of zinc 
in dilute sulphuric acid contained in b poroua uttU, place the uell in on 
outer vessel, and fill the outer space with water, to which a few drops 
of salphuric acid have been added; add to this a sufGcient quantity of 
BBolntionof bichloride ot platinum to render it of a brown colour; 
immerse the piece of silver to be platinized in the outer Liquid, and 
connect it by a wire with the piece of zino ; gaa will soon be evolved 
from the surface of the silver, and the silver will gradually become 
black with a deposit of platinum ; it may then ha removed, dipped 
several times in water, and afterwards dried, care being taken not to 
mb oB the platinum. The porous cell rcquirea to be immersed a short 
time beforeliLiiid. The solution of bichloride of platinum may be eaaily 
and quickly formed by adding aorapa of platioum foil to a hot mixture 
of one measure of nitric acid and two and a-half measure's of hydro- 
ctalorio acid, as lonj; as gaa is evolved from them ; the liquid will then 
be of a deep red colour. 

Silver alone is not nearly so effective for the negative metal ot 
voltaio batteries as platinized silver, because the hydrof^en gas evolved 
adheres very strongly to it, and greatly reduces the amount of itssm^aoe 
in oootact with the Uquid. The platinum being a very negative metal, 
and being deposited in the state of a fine powder, causes the hydrogen 
(0 be thrown off very rapidly from its surface, and thus InoreaseH the 

Oopper plates are less effective than silver, because the battery liquor 
oorrodcs them and forms a salt of copper, which disaolvca in the liquid 



uid re-acta apon tbe zinc, caaHing it to waste rapidly ; for thiB reasoli 
they oaouot, like silver onea, be safely left in the liquid any great 
length of time when the battery is not at work. In addition to thia, 
when they are taken oat and eipoBed to the air tlioy soon beoome 
covered with a film of oxide, which eoiiBiderably weakene the electric 

77. DepoHlUng TsaselB, Tata, fcc — Tlie depositing vesBela are made 
of various uiatiirials. For small operations nothing is so suitabls ob 
glass vessela or a stoneware pan ; but for ordinary manufacturing 
purposee. vats containing from twenty to several thoosand gallons are 
nsed; they are generally mode of ^ood lined with sheet lead ; but very 
Urge ones, for containing sulphate of copper solution, sacb as are nsed 




for depositing life-sized fignres in copper, have in some instanoes been 
built of bricks, coated with cement, and lined with gutta-percha. Vats 
nsed to contain cyanide BOlutiona should not be lined with this sub- 
stance, because the cyanide of jmtassimn acts npon it. The vata nsed 
for ordinary silver plating are about twenty-tour or thirty tncbes deep, 
from two to three feet wide, and from three to twenty feet long ; their 
dimenaiona vary greatly in different manufaetnries, and depend npon 
the number and size of the articles to be plated in them. Some eleotro- 
depositors use vata formed of sheets of wrooght iron riveted together; 
but there is always a slight salt or sediment found on their aidofi, 
which settles at the bottom of the liquid ; the aiiodes should not touch 
these vessels. 

78. Arrangements of Dissolving Plates In Vat— In the vats used for 
silvering common articlca, such as spoona, kiiivca, forks, teapots, plates, 
ito., the diBBolving plates are sometimes fixed all round the sides of ths 
vessel jaat beneath the surface of the liquid; in addition to this, 




vertical woodeu frames are fised at intervala at about two feet, acrosH 
the VBt (Fig. 33), with dissolving plates upon them, and all those plates 



I oonneoted toguther metallically. The 
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be plated a 
Huspended by small 
copper wires, from 
hrase or copper 
tubes resting ncroSB 
the vessel upon two 
other and longer 
tnbes passing along 
the upper edges of 
the vat. These lat- 
ter are connected 
by a large copper 
wire with the nega- 
tive pole of the bat- 
tery, whilst the dis. 
solving plates are 
connected by 
another large cop- 
per wire with the 
positive pole ; by 
this arrangement 
each row of articles 
has dissolving 
plates all round it, 
which greatly f aoili- 
ttttes the rapidity of 
frames are movable, bo that when large 
or more of them may be removed to 
brass, in cyanide solationa, 
e hooks, or better 
being protected 



fleposition. The wooden < 

articles are to be plated, 

tnako room. Anodes of silver, copper 

ftre nsually suspended by stont wrought. 

ly thick bands or wires of the anode metal, the 

from corrosion at the surface of the liqnid by being enclosed withii 

glues tabes ; iron does not require protection. 

79. The large vessels used for depositing solutions which require to 
be worked kol, sncb as the cyanide ooppering or brassing liquids, are 
formed either of cast iron, wrought iron, or iron coated with enamel; 
>nd the smaller vessels, snch as are need for gilding, are oftentimes of 
stoneware or glass; enamelled Iron pans are also need for this purpose. 

80. The " Scrateh-liraBll" Lathe.— Tho depositor will require several 
"ioratcb-bruali" lathes, one in each depositing room, for scouring 
and preoaring the surfaces of metal articles to receive a deposit. This 
instrument (Fig. 'H) consists simply of an ordinary latho A, with a 
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vroodsQ ohnok B, to the sides of which are firmly secared tonr hori- 
■ontal bnndlea of fine brass wire ; above it is a vessel. C, oontaining 
stale beer, which ie allowed to drop constantly, by tbe pipe and tap D, 
npoD the revolving brashes whUst working ; the eidee E E are to 
prevent splashing, and the trajr F tind pipe G are to collect and 
remove the waste liquid. The ■workman stands opposite the end 
of the machine in using it, working the treadle with his toot, and 
pressing the article against the ends o£ the revolving wire brnshes. 
oiposing in aocceasion different parts of the article to their action. 
Wire of different degrees of fineness is used with different articles. 

81. ConnBotlng' Wiraa. — The dapojitor should provide a large niun- 
ber (several pounds weight) of pieces of copper wire, of about the size 
Ifo. 18 or '20 of the Birmingham hrasa wire gange, and abont fifteen 
or twenty inches long, tor anspendiag the Bmaller and more nnmeroiiB 
articles to be coated in the depositing solutions ; a few other pieces of 
a larger and stronger kind should "be provided for the heavier artiolea. 
Copper is the moat suitable metal for connecting- wires, and the most 
generally nsed, because it is one of the best conductors of electricity, 
being also flexible and not expensive; next to it wo should select 
brass; silver is the best conductor, but is too expensive. Each wire 
is protected from corrosion by a short glass tube. 

g2. Dipping Liquids, Pickling Uqulds, &«, — The depositor will next 
prepare his various liquids for cleansing artinles for plating. For 
oleaning iron articles he will require large stoneware pans and jars, 
containing a mixture of one part of sulphuric acid, and twenty parts 
of water; a weaker solution may he used for some kinds of metal; 
smooth wrought iron requires a weaker liquid than rongh cast iron. 
for oleaning either copper, braae, or german silver, he will require 
several stoneware pans, one containing strong nitric acid, another 
filled with "dipping" Uquid (a [iiiituro of 64 parts of water, 64 porta 
sulpburio acid, 32 parts nitric acid, and 1 part of liydrouhlorio aoid), 
and a third containing "spent" liquid, i.e., either nitric acid ot 
dipping liquid the power of which has been partly exhausted. In 
addition to these liquids, he will require some glass- cutters' flue 
sand; with several small hand-brushes and pieces of old cloth, for 
brushing and rubbing the sand upon the more rusty and refractory 
parts of the metal to be cleaned ; also a file and scraper to farther 
assist in cleaning them. Hydrofluorio aoid, contauied in a small ' 

leaden or gutta-percha bottle, should bo at hand, to apply to tha ' 

" glazed " patches occasionally met with upon cast iron. 

83. Battery Liquids. — The uaufl.1 kind of acid used by electro- platers 
to excite their batteries is sulphuric aoid; it is obtained in lat^a 
quantities at aboul- a penny or three-halfpence per pound. For tbe 
negative solution of Daniell's bstteries. a stock of sulphate ol copper 
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ghonld be provided; its price ia about Gvepence pec ponnd. For 
BnnsGn's battery, bichromate of potnah ia reqnired. 

84. Liquids for Canalng AdlieslTe Deposits. — Solutions of mtrate, 
or of cyanide of mercury, will be needed for preparing the surfaces 
of oopper, brass, and germnn silver, for receiving adhmive deposits of 
sUver. The ititrate solntion ia pcoparod by adding one ounce of 
marcury to snifiuieot nitric aoid, dilated with three times its bulk of 
distilled water to disaolve it ; no more mercury mast be ndded than 
the liquid will dissolve; when thoioughly dissolved, dilute it with 
about one gallon of water. To prepare the cyanide solution, dissolve 
one ounce of mercury as stated, dilate it with water, and add a solu- 
tion of cyanide of potasainm to it, just as long as a precipitate is 
prodnoed ; filter it, add a small quantity of water to the precipitate in 
the filter, and, when completely drained, tafee ont the precipitate and 
add to it a strong solution of oySiUtde of potassium tmtil it is all 
dissolved, then add a little more cyanide solution, and flnftUy dilute it 
with water nntil the whole measarea one gallon. The solution when 
prepared is kept in a largo stoneware pan, a pan of dipping liquid and 
uwtber of water being near it, and each placed near tho scratch-brush 
lathe and di>positing vats in the silvering- room, 

85. MatorlalB Tor Moulding-. — The electro-depoBitor who includes 
in his business not only the ordinary electro-plating, but also tbe 
manufacture of works of art by depoaition, requires a nnmber of 
substances for moulding and preparing the surface of the moulds to 
receive a deposit. For moulding ordinary raetal objects, be often nses 
gntta-percha or a composition oonsiBting of equal parts of white wax 
and epormaceti ; but one of the best Bubatances we have used tor this 
purpoae has been a composition, conaisting of two parts of gutta- 
percha and one part of Jefiory'a marine glue ; the glne is cut up into 
email pieces and melted at a gentle heat in an iron ladle, the gutta- 
percha, also cut very small, is then added, and tho mixture constantly 
and vigoroualy stirred at a jientlo heat until the two are thoroughly 
inoorporated. This Hubatance poHsesses several important advantagea 
over gutta-percha alone ae a moulding material; it is softer when 
heated, and takes a sharper impression; it contracts more in cooling, 
and is therefore more easily removed from the original ; and in taking 
the blacklead it is very superior to gntta-paroha. With ordinary care 
many copies may be taken by deposition off one of these moulds ; we 
have taken a doxea from one of them. 

86. SlaaUc Honldlng Compoaltian.— When the objects to be copied 
■re much under-cut, or «hen we wish to take a mould of a bust all in 
one pieoo, elastic moulding oomposition is required. The best aub- 
Btanoe of this kind, and almost tbe only one used, ia compoaed of four 
parts of best Rusbiau glue and one part ot treacle; tbe glue is broken 



into amall pieces and soaked for one oi two hoars, or nntil it is qnite 
Bott, in Bofficient cold water to cover it ; when it is soft the anperfluona 
water is thrown away, and the glue, together with the treBcla, ia heated 
in a common glne-pot, like ordinary glue, and stirred nutil the two 
snbstancea aro thoroughly mixed ; tha use oF tlie treacle is to prevent 
the aioald drying and ahrinking. Some nnder-cut objects ara copied 
in warm gutta-percha under hydraulic pressure. 

67. Blacltleail, FltosplLonia, Uqnld. JScc — For rendering the sartacea 
of non-conducting subatunces, BDc]t ua gutta-percha, wax, marine glue, 
So., oonductible, the following substances are uaed : — 

lat. The common powder blaakleod for ordinary non-elaatic moulda; 
there is a great difference, however, between diSorcnt epsoimens of 
blacklead in their value for this purpoae, some causing the deposit to 
spread over the moulds very quickly, whilst others scarcely cause it to 
spread at all ; the best we have found, and it haa been very good, is 
"Dis'fl," sold in twopenny pauketa, one or two of which will serve the 
operator a long time for this puxpose with small articles. 

2nd. For moulds of elastio composition (§ BG| the depositor will re- 
quire the following hquida, patented by Mr. Alexander Parkca: — A, 
the pbosphoma aolntion — to m&ke nearly three ounces of which, melt 
61 grains of bees-wax or tallow ; then dieaolve eight grains of iudia- 
mbber cut up very biubII, in 160 grains of bisulphide of carbon, and 
when it is dissolved add to it very carefully (as it ia highly inflam- 
mable) the melted wax, and stir the mixture thoroughly ; then diasoivs 
S4 graina of phosphorus in 900 grains (about 2J ounoea) of bisulphids 
of carbon, and add to it 80 grains of apirit of turpentine, and 61 graii^ 
of asphalte in fine powder; when dissolved, add this solution to the 
previous one of india-rubber and wax, aud thoroughly mix them by 
rtirring. B, the silver solution — to make twenty ounces (one pint) of 
this liquid, dissolve about 18 or 10 grains of pure silver in about 20 or 25 
graina of the strongest nitric acid, and then dilute it to the required 
volume with dUlitled water. And C, the gold aolution^to make 30 
ounces of which, dissolve about five or six grains of pure gold in about 
20 or 26 grains of a hot mixture of one measure of nitric acid, and 
about two or three measures of hydroohloric acid, and, when dissolved, 
dilute the solution with 20 ounces of dislilUd water. 

The some inventor includes in his patent a phosphorus moulding 
composition, by the nse of which the immersion in the phosphoroa 
solution is dispensed with, the moulds themselves containing the re- 
quired amount of phoaphoms ; to make about one pomid of this oom- 
position, molt togother half a pound each of wax and deers' (at, then 
dissolve about 19 or SO grains of phoaphoms in about 300 grains of 
biatdphide of oarhon ; keep the wax mixture barely molted, and add 
t)ie pboaphorus solution slowly to it, and with briak atirring of tt 
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at the bottom of the melted miature by a vessel with a. 
long spout to pi*eveut its inSaming. It is highly cUngeroiis to leave 
spilt portiaiia ot the phosphorus composilton where it cau come in 
Eontaot with wood, paper, rags, Ac, aa after a lapse ot some time (aven 
hoars) they will often bar at into flame. 

68. Selection of Dspositliif Processes. — ^For very small artioles of 
which there are a great number, such as buttons, hooka and eyea, pins, 
Ac, and whieh require only a, very thin deposit, the simple immeraion 
or wash prooeaa will answer vary well, being both easy of exeoution 
and cheap. For the mnltiplication of numerous small articles in 
copper, such as medallions, &c,, the siugle cell process ia very advan- 
tageoua ; it is qnioker than the battery one, and considermg the time 
occupied, and the other elementa of ospenaa, it is to be preferred to 
that method. Bat for all ordinary deposits, plating, &o., the battery 
prooeBB is by far the best, because coatinga of any tbiokness, m all 
ordinary metals, may be obtained by it. aud the solutions do not, a.E 
in the other processes, require renewnl. 

69. methods of Makf^DepasitlnsSoIatlona. — The operator will next 
consider about making depositing liquids. They may be made by two 
methods, the one called the chemical and the other the battery proceaa. 
!Fhe chemical one consists in mixing the various ingredients by the 
osool chemical means, and in suitable proportions to form the complete 
iiqnid; for instance — lal the ordinary sulphate of copper aolutioa is 
prepared by diaaolviag a certain proportion of commercial sulphate of 
copper m water, and ad<2ing to it a certain proportion of aulphuric 
acid to form free acid ; and, 2nd, to form the ordinary cyanide ol 
silver and potassium plating liquid, allver is disaolved in dilate nitric 
acid ; the solution of nitrate of silver formed ia precipitated by addition 
of a aolution of cyanideof potassiam ; the white precipitate of cyanide 
of silver ia waahed, and then Sidded, aa much of It as will dissolve, to 
a aolution of cyanide of potassium ; aJter that an additional portion of 
cyanide of potassium is added to form free cyanide. The battery 
process consists in taking some water and dissolving in it a certain 
proportion of acid or salt, as the case may be, then placing a large anode 
of tJie given metat at the lower part ot the liquid, aud a small bright 
cathode at the upper part, and, if necessary, applying heat, and ooD- 
uBcting them with a suitable battery until the required quantity ol 
metal is dissolved, which ia indicated by the oathodo receiving a good 
deposit. In making gold Holutions the cathode is geoBratly placed in a 
amall porous cell filled with the same liquid, and immersed nearly to 
its edge in the outer liquid, aud by tcansferring the cathode occasion- 
ally to the gold solution, aud observing if it receives a good dapoait, 
we may know that sufficient metal is dissolved ; the liquid of the cell 
may then be added to the outer aolution. If it is wiahed to make 
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sulphate of copper Bolntion by tfaia method (which is not advisable, ] 

iiowever. the Ba.lt being so cheap], take the Bame quantity of water r 

as is necGe9B.ry forthe chemical methoi, and add to it as much aoid i 

aa was contained in the aolt of copper, with the free aoid as before, | 

and then pass a current from a battery of one or two pairs by a large I 

anode and small cathode, until sufUcient metal is dissolved ; or, if it is I 

desired to make some cyanide of silver and potassinm solntioii by this 
I method, which is sometimes done, take the same proportions of water, 

I cyanide of potassium, and tree oyanido as in the ohemioal process, and 

I pass the electric currant by a larg« silver anode, until the same pro- 
portion of silver ia dissolved aa is required in the chemical method. 

90. Selection cf Depositing Liquids. — The foil oiving rules should be 
observed in selecting a suitable depositing liquid for the battery 
process :^ 

1st. It should aot strongly upon the anode, and hold abundance of 
L metal in solution. , 

II 2nd. It should possess good elentrioftl conduotin;; power. 
3rd. It should yield its metal freely, and in a ruguline state. 

4th. It should not aot chemiaally to any great extent upon any J 

base metals, because It is those we generally wish to coat, and ohemioal 
action upon them would endanger the adhesion of the deposited metal. i 

fith. It ahoald not decompoBa by contact with the atmosphera, fior ' 

should light inflnence it in such a way as to injure it for depositing 
purposes. 

6th. It is better if it does not evolve gas at the surface of the 
receiving article whilst depositing, because that ganerally indicates a 
waste of battery power attended by oxidation of the liquid. i| 

91. Testing a Deposltinf; Liquid. — To test a depositing liquid, pasa a 
current of electricity through it, from about two pairs of Smae'a bat- 
teries, with a suitable clean anode of proper size, and a clean piece of 
iron, brass, or copper, of about the same size, to receive a deposit, i 
obserTingbowmuchgaaiBBvolfed in the battery. If the deposit appears 
quickly, and is of a bright and proi>er colour, and if it adheres to the | 
metal; if the cathode evolves gas from its surface, and the anode dis- i 
solves freely, cleanly, and without an escape of gas, work it at intervals, '. 
keeping it exposed to light and air ; observe if it continues to work well, j 
or whether, on the contrary, it shows a decrease of conductibility, 'i 
deposits n sediment, or if the anode becomes covered with an insoluble 
crust (this last may arise either from deficiency of free acid or from im- 
puTitiea in the metal]. If but little gas is evolved in the battery, it is a ' 
bad conductor, and will neither dissolve nor deposit the metal freely at 
that temperature, or it is deficient in free acid or /ret salt. If the 
deposited metal is of a bad colour, either tha battery is too strong, the 
receiving article too small, or the liquid is incapable of yielding 
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metal. If the immeraed metal or article is coated by simple i 
without the aid of the battery, it aliowa that, to adapt the liquid to 
articles made of that particular metal or alloy, they must receive some 
prerioas preparation, ia order to make the deposit adhere. If it 
depositB a. sediment, or altera in condaotibility by eipoaiire to the air 
and light, the greater probability is that those inflnences alter either 
its chemical composition or the arrangemoct of its particles. If it 
evolvea gas at the receiving smrface daring deposition, it shows either 
that there ia too maoh battery power, too little metal in eolation, too 
much free acid, or that it is a waatefol liquid, in which one part only 
of the carreiit is employed In depoei-tlng metal, whilst another part of 
it is employed in depositing gaa and oxidising the hquid, 

92. Testing; SalatlonB for Depositing Alloys. — Withsolutionsin which 
alloys are to be deposited the most important condition ie that neither 
of the metala to be deposited are electro- positive to each other in that 
liquid. This is best tested by taking a wire of eaeh metal, oonneoting 
them with a galvanometer, and simnltaneonsly immersing their free 
ends in the liquid; if either is electro-positive, the needles of the instra- 
ment will be deSeoted, and the direotion of the deflection will indicate 
which is positive, while the amount of deflection will indicate the 
amonrit of their electric difference in that liquid. It may also be tested 
by immersing a wire of each metal (not in niatujil contact) in the 
liquid; if either becomes coated with metal in an hour, that one is 
poaitiTe; bnt if neither becomes coated in ai^ hoars, there is no per- 
ceptible electric difference between them. 

93. The following osperimenta bear niion this part of the aub- 
}eat, and show that if a liquid contains two metals in solution, and a 
wire or other piece of each of those metals ia immeraed in the liquid, 
and one becomes covered with a deposit of metal, while the other does 
not, the one ao covered ia electro- positive to the other in that liquid, 
and the solution will only readily yield the same metal which is 
depoeited hy simple immersion : — 

1st Experiment- With an alloy satntion consisting of equal measures 
of a strong solution of protochloride of tin and terchloride of antimony, 
with an anode either of tin or antimony (the latter is the most proper, 
because it does not ooab itaclf by simple immersion in the hqoid), a 
copper cathode, and one pair of Hma.ll Smee's batteries, only antimony 
was deposited; tin coated itself with antimony in this solution by 
simple immersion, and was found by the galvanometer to be strongly 
positive to that metal. 

2nd Experiment. With a liquid oomposad of equal measures of a 
solution of protochloride of tin and chloride ot bismuth, and either a 
bismuth or tin anode (the former is better), a brass catliode, and one 
pair of small Smee's batteries, only bismuth was deposited ; tin was 



positive to bismuth in this liquid by the galvniioQieter, and coated 
itaeil qniakly with that metal by eimple Immersion. 

Srd Experiment, With a mixture of titjual meaaures of terohloride 
of antimony and chloride of bjsnmth, antimony anode, copper cathode, 
and a feeble Smew's battery, only antimony was deposited; biamuth 
coated itself slowly with antimony by simple immersion, and was 
foimd by the {galvanometer to be moderately positive to the latter 
metal in the solution. 

4tli Eiperinient. With 100 grains each of pcotochloride of tin and 
chloride of sine dissolved together in an ounce of distilled water, tin 
anode, copper cathode, and one pair of small Smee's batteries, only 
tin was deposited; zino was positive to tin in this liquid by the galvano- 
meter, and deposited tin upon itself by simple inimerBion. 

5th Experiment. With equal measures of strong solutions of 
nitrate of zinc, and ternltrnte of bismuth, and a Uttle nitrio acid, 
bismuth anode, copper oathode, and a feeble one-pair battery, only 
bismuth was deposited ; ziuo was strongly positive to bismuth in this 
liquid by the galvanometer, and ooated itself quickly with that metltl 

6th Experiment. With a solution of the mixed sulphates of zino 
and copper, copper anode and cathode, and a single small battery, 
copper alone waa deposited ; zinc was atron^^ly positive to copper in this 
liquid by the galvanometer, and coated itself immediately with copp^ 
in it by simple inunerEioo. 

94. Further, if we ta,ke some distiDed water, and canstic potash is 
dissolved in it, passing a moderately strong cocrent through it by 
ptatinnm electrodes, hydrogen gas will alone be set free at the cathode; 
in this case also, hydrogen — the least positive of the two positive ele- 
ments of the liquid — potassium and hydrogen — is set free or deposited. 
If we now add enough sulphuric acid to the liquid to convert it into » 
solution oE sulphate of potash, add some sulphate of zino beside, and 
pass a weak current through, we ahall obtain a deposit of zino on the 
cathode, but no hydrogen or potassium. In this oase we cannot determina 
by the galvauometer which is the moat positive in this hquid, hydro- 
gen or zinc, because the former is a gas ; bat it is probable that hydro- 
gen is the most positive, because zinc does not evolve it by simple im- 
mersion in this liquid. If we further add to the liquid a smatl quantity 
of sulphate of copper, and treat it as before, neither potassium, hydro- 
gen, nor zinc will be deposited, hut only copper ; and we find by the 
galvanometer that copper is less positive than zinc in such a liquid, 
and that xinc coats itself with copper in it by simple immersion ; in 
this case also the least positive of the positive elements of the liquid is 
alone deposited. From those and many other experiments, whioh we 
bare tried with similar reaultH, we deduce the followiny rule; — ^If a 



lignid contains several metals or other electro-poeitivB substancoa dia- 
BolTed, and a vieak electric current is pasaed through it, only that anb- 
ertSDce which is the least electro -positive la deposited. 

95. With regard to the inflneiiire eserciaed by the proportions ol 
tbe ingredinnts of the liquid and the strength of the current, we may 
observe, tliat, if a liquid coataina several metala disBolved in equal 
qnaotitieB, and only one ia being deposited by the passage of a weak oor- 
rent, a oonBiderable increase ia the strength of the cnrrent will oauae a 
portion of the next more positive m«tal to be deposited along with the 
leas positive one; bat this alloy deposit will not be very coherent, be- 
ostise the power required to deposit the second metal in the regulins 
state will be bo great as to deposit the first as a soft powder. Thii 
bolda most trne when the difference of electric power required is 
great; for instance — ^Ist. If small and equal quantities of sulphate 
of sine and sulphate of copper are dissolved together in a large 
qnantity of water, and a feeble current passed through the soliitioa, 
only reguline copper will be deposited ; but if the battery power be 
oODBiderably increased, either by a greater numbsr or larger surface 
of the battery plates, the deposit of copper will cease to be reguline, 
and zinc will be deposited with it. If the power be stiU further 
increased, hydrogen gas wilt also be evolved at the surface of the 
deposited metitl?. 9iid. If we dissolve a small quantity of sulphate 
of oopper, and a large quantity of sulphate of zinc, in a large quantity 
of water, and pass a strong current through the solution, copper, zinc, 
and hydrogen will be set free at the cathode. 3rd. If we slightly 
moisten a lump of canstio potash with pnro water, and pass a weak 
electric cnrrent throagh it by platinum electrodes, hydrogen alone 
will be set free at tbe cathode, but it a very powerful current is 
employed, potaseinm also will be deposited. In each of these cnsea 
we find that when the current ia weak the least positive of the 
positive snbstances is alone deposited ; but if the power is snfliaiently 
increased, aud there is only a small proportion of the less positive 
BubstancB present, the more positive Babstanoes, even though they 
are much more positive, will also be liberated. Thus the weaker 
affinities are overcome first, and to the greatest extent; the current 
of electricity exercising its influence first, and in the greatest propor- 
tdona, upon the ealt of the least positive mctats. 

96. DopOBiang Llqolds.^For the benefit of the practical depositor — 
to whom a general knowledge of oil solutions from which ordinary 
metals may be deposited, with their respective advantages and dii- 
advantages, is of considerable importance — we will give a description 
of those eolntions in regular order, making such remarks in our 
''ill be likely to assist him in the selection of those most 
Boitable tor his particular purposes. 




37. Aiitimoity Solutioia. — The most caminon saltH of antimony 
axe ths sulphide, taichloride, and potaBsio-lartrate. The hydro- 
oblorate of terahloride ot antimony, i.e., the ordinary chloride ot 
antimony, na prepa.red for phanaaceatica.1 porpoaea. ia formed by 
chemical means thus i^Tttfce one pound of black salpliide of antimony, 
add to it foni pints oE bydrooblorio acid, gently heat the mixture with 
□onstant stirring, until the gas evolved decreases, then boil it slowly 
down to two pints, keeping it partly covered all the time ; cool it, 
filter it tbroagli calico, and keep it in a stoppered bottle. It is now 
a yellowish red liqaid, of specific gravity 1'47, bat becomes nearly 
ooloorleas by depositing antimony from, it by the battery prooeas. 
The commercial article contnina muoh diagolved iron. 

A similar solntion mny be made by the battery method; this 
oonsists in paEsing a current from several pairs of batteries throtigh 
strong hydrochloric acid by a large anode of antimony, nntil a good 
deposit is obtained ; this liquid ia nearly free from iron. The chloride 
of antimony is on eseoUent conductor of electricity, it diaaolves tiie 
anode freely, yields plenty of bright reguliua metal if tbe battery 
power 19 sofficiently weak, and its depositing power does not deterio- 
rate by exposare to light or the atmosphere ; it appears not to bo 
l^radnally e:(hausted by norking ; it is decomposed more or leas 
rapidly by zinc, tin, lead, iron, bra&S, COpper, and german silver, each 
of wbicb coats itself in it with antimony by simple immeraioti, 
and articles immersed in it require to be washed with bydrochlorio 
acid before washing them with water, otherwise the latter decomposes 
the adhering liquid and covers them with a wbite insoluble powder. 

98. The miied chlorides of antimony and ammonia form a very 
good depositing liquid. It may ba formed either by tho battery 
process, by mixing one measure of a saturated solution of sal- 
ammoniac with one measure of bydrochlorio acid, and working 
antimony into it by means of a curxent and a large antimony anode ; 
or by simply miiing together equal measnrea of a saturated solution 
of sal-ammoniac and commercial chloride of antimony. This solution 
conducts easily, yields its metal freely and of good quality, and does 
not act so strongly upon base metcils as chloride of antimony alone; 
but in other respects it ia similar to the chloride. The mixed chlorides 
ot antimony and manganese, or of antimony and bismuth, yield a 
reguline deposit easily, but do not appear to possess iluy special 
advantages. 

09. The potassio- tartrate of antimony ia a salt not very soluble 
in water ; its aqueona solution ia a very bad conductor of electricity, 
and is not to be compared to the chloride for depositing purposes. We 
have never been able, either with strong or weak batteries, to deposit 
from it anything better than a small quantity of antimony i 



state of a perfectly blaok powder; on the other hand, its HOlutiou 
in bydrochlorio acid (which dissolves it very freely), or hydrochloric 
acid and water, is by far the best HOlntion tor depositing antimony 
that we have tried. It is a mOBt esoellent oondnetor of electricity ; it 
ia not impaired by long working or sxpoHnra to light or the atmos- 
phere (we have deposited antimony from it conatiuitly dnring many 
months) ; it will bear a very great &mo)mt of battery power without 
the deposit passing into the state of a loose powder ; it deposits 
regnliue metal very rapidly and in gie&t thickness. We hs:ye obtained 
snch. deposits from it upwards of two inches in thickness ; articles 
immersed in it wash clean in water alone without the previous uae 
of hydrochloric acid; it may be made by misiag together aboat two 
pomida of water, four pounds of hydrochloric acid, and eight pounds 
of potaBsio-tartrate of antiinouy; a greater proportion of water may 
be nsed if deslrtid. 

100. Both the black and red aulphides of antimony dissolve in cold 
hydro-snlpbate of ammonia, and the resulting solutions oondnot very 
freely with an antimony anode and one pair of Smee's batteries, bnt 
yield no deposit of metal even with a battery of twenty-five pairs in 
aeries. Aqueous solutions, eithor of cauatio potash, tartrate of potash, or 
osalttte of potash, scarcely conduct at all with an anode of antimony, 
and & battery aoDsisting of one or two pairs. Cynrnde of antimony 
dissolved in a solution of oya.nide of potassium has been proposed as 
a depositing liquid, but we have found a solution of cyanide of potas- 
sinm to be a very bad conductor witi an anode of antimony. 

101. Antimony is one of the easiest metals to deposit in the 
regoUne state ; its appearance when deposited from the chloride 
solntioiiB, and from the solution of the potasaio- tartrate in hydro- 
ohlorio acid, ia very beautiful, and when deposited slowly it has 
maofa the appearance of highly -polished steel. Some of its pcoper- 
ties when thus deposited are very peculiar and interesting, especially 
with regard to heat :~If , during any part of the time the deposit is 
progressing, the depositad antimony be taken oat and strucli gently 
or rubbed with any hard substance, such as metal or glass, an explo- 
sion occurs, accompanied with a small cloud of white vapour, and 
tatiier strong acid odour, and nearly always with considerable heat, 
anffioient to bam one's fingers, malt gutta-percha, bum paper, and 
even scorch deal wood quite brown, especially if the deposit is thick ; 
and invariably accompanied by fracture of the deposited metal ; some- 
times, if the process uf deposition has been interrupted a.nd the de- 
posited metal is not homogeneous, a fracture is extended quite through 
the metal to upwards of one-eighth of an inch in depth. This phe- 
nomenon has been observed many times both before and since its first 
pablicstiou ; in several instances the explosion took place even in the 



^^^^^K|tgiiid, b; striking the deposit a{;aiuat the giasB cant&ining vesBel; and 
^^^^Tjii one instauce it ocDnrred spoataneoasly after the metal had been 
^^^^ wsahed with dilate hydcoohlorio aoid, dried, and had remained ont 
r of the liqaid Heveral hoorB. 

I On one occasion, a deposit had been well washed, dried, and oat of 

I the solntion many houra, and a. friend, in oourss of oonverBation, was 

[ nnaonscionaly breaking small portious oS it with his fingers, when it 

|[ became aaddenly heated and exploded, oanaing a alight noise like the 

lighting of o congreve match, and bnming his fingers. On other 
oooaaious a deposit baa been progressing, and has been removed an 
instant for examination, and the battery liqnid atrengthened by the 
addition of acid ; upon examining the depoait a few honra aftec- 
WBrda, it haa been fonnd cracked in varions directions, aa if an 
explosion had occurred in the interral, althongh the apparatus had 
been nndistnrbed. 

A French writer has suggested that this deposEt is a oomponnd 
of antimony and hydrogen ; and from the fact that the exploaiona 
oooarred when the metal was depositing rather rapidly, we are 
itWlined to think hia explanation correct ; the extra power, aa we 
have aeen in other uaaes (g 94, g 9S), causing hydrogen deposit, which, in 
Ha nascent state, instead of being evolved, might combine with the 
metal and farm an explosive componnd. Another saggestion we 
would make is, that the metal is deposited in a peculiar condition of 
unequal mechanical tension, ainoilar to that of unannealed glasa, and 
that, by breaking, the closer aggregation of the particles may develop 
light and heat. fPhil. Trana. Roy. Socy., 1857, 1858, 1802.) 

Since the foregoing was written, "explosive" deposited antimony 
has been analysed by the anthor of thia book, and the temperature 
Bognired and amount of heat evolved by ita explosion detenniued. 
The freshly deposited active metal contains a small percentage of 
chloride of antimony; it rises in temperature between COO and 700 
Fahrenheit degrees when exploded, and evolves sofficient heat to melt 
tin. It very slowly loses its power at atmospheric tompcratmre ; a 
thick bar requires several years to do so completely, but if kept warm 
it deoomposee very much more quickly ; in each case it gradually 
evolves acid matter and loses its brightness. 

All electro-deposited metals are in a state of unequal molecular 
strain. Copper, when electro -deposited upon the bulb of a ther- 
mometer, compresses it with considerable force, upwards of 100 
pounds per square inch, and caQBea the mercnly to rise in the tube. 
Oadminm, similarly deposited, slightly ei^ands the bulb, and causes a 
depression of the mercury. These actions have been termed "electro- 
strictions." The author has found analogous efFeets by depositing 
metala upon pieoea of very fine wire whilst in a stretched condition. 



102, Another peonliarity in depositing antiraony from tha potaaaio- 
torCrats eolation ia, that if the solation be a very denes one, and the 
pfooess long oontinaed without disbnrbauce of the liqaid, the deposit 
occurring npon the cathode will slowly spread ont, in the form of a 
thin Bheet npon the anrfttce of the liqaid, until it tonchea the anode ; 
whilst the coating beneath progresses very slowly. We have a button 
ot antimony formed in this way npon a vertical copper wire, one and 
five-eighths inches in diameter, the deposit beneath the snrtace of the 
liqaid having been only half-an-incb thick ; il occupied about eighteen 
days with a small one pair Smee's battery in forming. Deposits of 
antimony formed in the above HOtntion do not spread over blackloaded 
am-facea of gntta-percha, nor do they adhere with any great degree of 
finonesB to copper, brass, or iron. 

103. Bismuth Sails. — The moat nsual conipomids of biuraiith are 
the chloride, mononitrate (pearl white), and temitrate. The chloride 
is formed by digesting bismuth filings a long time in warm hydro- 
tdllorio acid. The mononitrate may be formed by dissolving bismnth 
to saturation in warm dilute nitric acid, acd then adding a large 
quantity, say fifty or a hundred times its volume ot water ; the pre- 
(dpitate produced, when well washed with water, is the substance 
required. The ternitrate is formed by dissolving the metal in hot 
ni^c ncid, evaporating tho solution, and leaving ic in a cold place to 
orystallize. Bismuth may easily be deposited from a solution formed 
by dissolving either mononitrate or temitrate ot bianiuth in dilute 
nitric acid, but requires an exceedingly feeble current to liberate it in 
a reguline state; its appearance when so deposited is very beautiful, 
white with a faiut pinkish tint, and with a fine silky iustre; it does 
not spread over blackleaded surfaces of gutta-percha in this liquid. 
A bismuth anode does not dissolve readily in a hot solution of cyanide 

101. Ziiic Salts.— There are a variety of salts of this metal in 
(ffdinary use, the moat common of which are the sulphate, chloride, 
nitrate, and acetate. The sulphate may be formed by dissolving zinc 
to saturation in a mixture of sulphuric ooid and water, filtering and 
evaporating the liquid, and setting it in a cold place to crystallize. 
The chloride is made by digesting hydrochloric aoid with zinc, filter- 
ing, evaporating, until it is quite oily, and cooling. The acetate is 
mads either by dissolving zinc in strong acetic acid to saturation, 
then evaporating and crystallizing the solution ; or, by adding a 
Bolntion ot acetate of lead to a solution of sulphate of zinc as long 
Ks it produces a precipitate ; then filter, evaporate, and crystallize the 

105. Zine Solution. — The sulphatfl ot zino solution tor depositing 
may bs formed by dissolving two pounds of the salt in a gaUon ot 



water, and filtertng the mixture ; bat tha best sulphate depoEiting 
BolatioD we hawe used bas been tbe spent battery liquid taken from 
n uell of a Smee'a battery, in whiob Ihera had ooottrced a very good 
deposit of zina upon the platinized Eilvei plate; but with tbis and with 
other eolntione of zinc there ia a great tendenuy to tbe evolation of 
hydrogen gas at tbe cathode dnring deposition ; they reqnire, tbers- 
fore, to be worked very carefolly and with very feeble battery power. 
Zino may be readily deposited, cither by tbe single ceil or by the 
battery process, from a neatral solatioaof thesalphate; but tbe single 
cell is tesa adapted for its deposition than tbe battery, becanae the 
acid, set free by the doposition of the metal, re-acts apon the deposit, 
and diminiaheB its amoaut. Tbe other solntiona, auch as the chloride, 
nitrate, acetate, or the varioaa doable Baita ot zino with ammonia, 
Qr potash, do not appear to poaseas any great advantagea over tbe 
sulphate. 

Amongst other liqnide, that of cyanide of zincdisBolvedinasolntion 
of cyanide of potassium has been recommended ; bat it is a bad con- 
ductor with a zinc anode, and rei^uires to be used hot to make it con- 
duct at all freely, or to make the anode dissolve. This might easily 
have been foreseen fi-om a knowltdge of the fact that the affinity ot 
cyanogen for all, or nearly all, tbe base metals ia oomparatiTsly feeble. 
We have found by esperiment tha.t a solution of cyanide of potaBsinm 
will dissolve only about one half as much cyanide of zinc as it will ol 
cyanide of copper. Zinc cxiiAa diaaolvea somewhat freely in a boiling 
solution of cyanide of poCasBium. Cyanide of zino dissolves freely in 
a solution of eesqui carbonate of ammonia, Ferrocyanide of zino ia 
bat feebly soluble in q boiling Eolation either of ferrocyanide (yellow 
prussiate], or of ferricyanide (red prussiate) of potassium, but it ia 
freely soluble in a boiling solution of cyanide of potassinm. Zino 
deposits spread over blackleaded Hurfaoos by the battery proaess, in 
tbe same manner aa with copper. 

106. Cadmium Solution.— A patent was taken out on March 19, 1849, 
by Messrs. Gussell andWoolrioh for the electro- deposition of cadmitint, 
and tbe following ia their deacription ot the process: — " Take cadminm 
and disBOlve it in nitric acid diluted with five or sis timea its balk of 
water, at a temperatttre of about 80° or 100* Fah., adding the dilate 
acid by degrees until tbe metal Ib all dissolved ; to this solution of 
cadmium a solution of carbonate of soda (made by dissolving one 
pound of the crystals of washing soda in one gallon of water) ia to be 
added until the cadmium is all precipitated ; the precipitate thus obtained 
is to be washed four or five times nith tepid water ; next add as mnoh 
of a solution of cyanide ot potaseinm as will dissolve tbe precipitate ; 
after which, one-tentb more of tbe solution of cyanide of potassiiun 

o 1m added, to toTmjree cyanide. Tbe strength of this solution may 



vsay, bat tbe pHtentecs prefer a Bolabion contaiDing six troy oaDcea of 
mettiil to the gallon. The aolation is worki^d at about 100° Fah., with 
acetate of cadmiam aa an anode." White regaline oadmiiun may be 
easily deposited from aqneons BolntiOQB of its chloride, bromide and 
iodide, and eepecially from its sulphate. 

107. Tin Sails.— The most common salts of tin are the peroxide aad 
protocbloride ; in addition to theae there are two othera used exten- 
sively in ManoheBter and the cotton printing districts, viz., tbe 
bichloride, and tho staQnate of soda, i.e., oxide of tin combined with 
caustio soda. Protoxide of tin is formed by dissolving protochloride 
of tin in water containing a few drops of hydrochlorio acid, and then 
addiiigliqnid ammonia or a solution ot carbonate of potash as long as a 
precipitate can be produced ; tbe precipitated protoTide of tin should 
be washed and dried. Protochloride of tin ia easily mads by adding 
grain tin to strong hydrocblorio acid, and keeping it at 150° or 200° F., 
nntil gas ceases to be evolved from tie metal ; the resulting solution 
should then be evaporated and crystallized. Aqueous bichloride of 
tin may be made by dissolving tin in aqua regia not containing too 
much nitric acid ; a mixture of nitric acid with sal-anunonic or com- 
mon salt may likewise be naed. Stamiato of potash may be formed 
by fusing together one equivalent (140'5 parts) of freshly precipitated 
peroxide of tin, aud two equivalents either of canetio potash (112-J 
parts), or of crystallized carbonate of potash (13S- parts). 

108. Tin Solutiona. — M. Boselenr has patented the following liquids 
lor the deposition of tin : — 

lat. Por simple immersion or wash process, which may be used for 
small articles generally: — Dissolve 17^ onnces of ammoniacal alum in 
23 poands of bolhng water, and, when dissolved, add 1 ounce of proto- 
chloride of tin; the articles to be coB.ted should be well cleaned and 
then immersed in the liquid, and moved about in it until they are 
enffloiently white. 

2nd. For depositing tin upon lead, iron, steel, copper, or brass, by 
connecting the articles with a piece of zinc and immersing them in 
the solution ; — Dissolve lOJ ounces of bitartrate of potash in 17i pints 
of water, then add tbree-quarters of an ounce of protochloride of tin, 
and boil it a few minutes ; tbe articles to be coated are immersed in 
the solution in contact with a piece of zinc of proportionate size. 

3rd. For coating zinc, iron, copper, and many other metals by the 
battery process: — Diaaolve 11 ouncea of pyrophospbate of potash or 
soda in 174 pounds of water, then add ij ounces of protochloride of 
tin, and operate by the current process with an anode of tin. By this 
meihod M. Roselenr states that he ecu tin matala beautifully and to 
my thickness. Pyroptosphate of soda is easily formed by heating to 
redness the common diphosphate of soda. 
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100. A protoohloride of tin depositing liquid may easily be formed 
by dissolving newly-made oomtaercial protocbloride in water, and 
adding a little bydrocblorio aoid to remove any oloadiness or white 
precipitate which may be farmed ; a similar hqaid may be made by 
the battery process, by passing a onrrent tbroagh dilute hydroahlorio 
aoid by meaua of a large tin anode, aotil sufliciciit metal is dissolved. 
This or any other chloride of tin liquid is not a, good one to obtain 
reguline metal from ; it has a very great tendency to deposit the tin 
in the form of long crystalline needles, of a fern-like appearance, 
whiah often project from the comers and edges of the cathode to a 
distance of upwards half-an-inoh. A solntica oomposed o! 11 otinoes 
of water, 1 ounce of hydrochloric acid, and 80 grains of protochloride 
at tin, admits of this effect being produced iu a striking degree : 
nearly all the compounds of tin, and especially those formed with 
mineral acids, exhibit this tendency in a greater or less degree when 
acted upon by eleutrolysis, rendering the deposition of tin in thick 
layers of fine white coherent metal a matter of conEiderable difGculty. 

110. The Btannate of potaah Holution is easily formed either by 
dissolving the crystallized salt in water, or by dissolving freshly 
precipitated peroxide of tin whilo still moist, in a boiling solution of 
caustic potash. It may also be easily formed by the battery process, 
by passing a strong corteut of electricity by a large tin anode through 
a strong and boiling solution of caustic potash, until the lomierBed 
cathode receives a tree white deposit. This solution, if worked at 
160° Fah., yields a good deposit of fine white metal; but it decomposes 
by exposure to the atmosphere, acd soon deposits all its metal as oxide 
ol tin, at the bottom of the vessel . A solution of cyanide of potassium 
aud tin has been proposed as a depositing licjuid ; but it is a bad con- 
dnctoT with a tin anode, even when hot, and does not dissolve the 
metal freely. 

111. Mr. Joseph Steele coats zinc, iron, steel, cQ;)per, and brass 
with tin, in his patent solution, by the battery procesa, thus: — Dissolve 
BO pounds of common soda, 15 pounds of peari-aah, Spoonda of caustio 
potash, and 2 ounces of cyanide of potassium, in 7o gallons of water, at 
76° Fab., and filter the resulting solution ; then add 2 ounces of acetate 
of zinc, and 16 pounds of peroxide of tin ; stir the resulting sointiDlk- 
until all is dissolved ; it is then ready for use. Work it by the battery^ 
process with an anode of zinc or tin, and with the liquid at 75° Fah. 

lis. Electrical Belatloni of Tin and Iron. — Tin is feebly negative 
to iron at all temperatures between 62° and 20!j° Fah. in distllleA 
water, and positive to it at 2L2° Fah. It is positive to iron b4 
all temperatures between 62' and 912° Fah. in a saturated solntion 
of boraoic acid ; also the same between those temperatures in a strong 
solution of phosphoric acid in distilled water; or in 



ol oil of vitriol mised with either 9 or 96 measares of diatilled 
water ; or in a mixture of 1 measare of this acid and 192 measoreB of 
diatilled water, from 73° to 158° Fah., and negative to iron above that 
to 212° Fah. ; it la poflitiva to iron from 72° to 212° Fah. in a mixtnre 
of equal maaanrea of hydrochloric aoid and water ; it is negative to 
iron from 70° to 77° Fah., and positive above that to 912° Fab. in a 
' 1 meaanre of hydrochloric acid and 9 meaHnres of diatilled 
is negative to iron from 70° to 212° Fah. in a misture of 
oE hydrochloric acid, and 90 meaaurea of dLetilled water, 
and poaitive to iron from 68° to 212° Fah. in 1 measare of hydro- 
flnoric acid and 9 meaanres of water ; it is poaitive to iron in 1 meaam^ 
of nitric acid and 9 measures of water from 70° to 111° Fah., and nega. 
tivo from 111" to 312° Fah. ; and it is positive to iron from 83° to 212" 
Fah. in a mixture of 1 meauure of nitric acid and 96 ineBsnreE of 

113. Lead Salts.— The moat common aaha of lead are the nitrate and 
the acetate. The nitrate is formed by diaaolving lead in dilute nitnc 
acid, taking care thatno mora lead isadded than the aoid will dissolve; 
the resnl ting eolation mnat be filtered, evaporated, and cryatallized ; 
it is a hard, white aalt, soluble in water. Acetate of lead is made by 
digeating oxide of lead in vinegar or acetic acid ; filtering, evaporat- 
ing, and crystallizing the liquid ; it ie soluble in water. It ia called 
" SDgar of lead." 

114. Lead Solution, — Lead may be d eposited f rom anaqneouHBOlation, 
either of its nitrate or acetate, or from a solution of pt i^mbite of potaah,— 
tbe latter ia formed by dissolving litharge in a boiling solution of oanstic 
potash; zinc and tin articles (but not iron onea) decompoae this liquid 
and ooat themselvea with lead in it by aimple intmeraion. It ia diffianlt 
to deposit any considerable thickness of regolina metal from either of 
fheee liquids. 

116. Salts 0/ Irmu — Among the salts of iron in m.DBt common use 
are the sulphate, chloride, and bromide; they may be respectively 
formed b; diaaolving iron in dilate sulphuric, hydrochloric, or hydro- 
bromio acid, evaporating and orystallizin!; the solution as mneh as 
posaible ont of contact with the atmosphere. 

116. Iron Sotulioiu, — Iron may bo reduced from a solution of its 
protoanlphate (green copperas), made by dissolving metallic iron in 
dilate salphuric acid; or from its protocbloride, which ia preferable, 
and which is made by dissolving iron in bydrocbloric acid. We have 
depoaited it iu the state of regnline white metal, by paaaing a cnrrent 
of oonaiderable intensity (15 or 20 cells), for one hour, through an anode 
□t iron immeraed in a saturated aqueous solution of aal- ammoniac; 
its appearance when deposited from this liquid ia rather white, vary 
aimilar to freshly broken cast iron. By the same means it may 
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also be depoEited, nsing & saturated solution, eithsr of cacbonatQ 
of ammonia, acetate of ammonia, or acstats at potash. We have 
also obtained good metal from a saturated aqneoas solution of a 
mixture of two parts of protoaulphata of iron and one part of sal- 
ammoniaa. We have deposited it from an aqneoas HOlation of ferrate 
of potash, whinh may h(i formed either by igniting peroxide of iron 
(orocua) very strongly tor some minutes with cauBtie potash and salt- 
petre; or we may make a very slroog solntion of oaustic potash, 
immerse in it a large iron or steel anode, and asmaUeopper or platinum 
cathode, and pass a strong current from 16 or 20 cells of Smee's 
battery through it ttatil it acquires a deep amethyst or purple colour ; 
by that time the cathode will have obtained a coating of iron, which 
will be in the state of a dark powder if the power has been too great, 
or it will have the appearance of white cast-iron, or intermediate be- 
tween that and the appearance of reguline deposited zinc, if Che power 
has bt^en auEHciently wealt. This solution rapidly decomposes by con- 
tact with the atmosphere, heoaming colourless, and deposits all its 
metal in the state of peroxide at the bottom of the vessel. Iron may 
ba very easily deposited from green vitriol, thus ; — Diasolva a little 
crystalline sulphate of iron in wa,ter, and add a few drops of solphnric 
acid to the solution ; one pair of Smee's batteries may be used to 
deposit the iron upon copper or brass. The metal in this pure state 
has a very bright and beautifnl silvery appearance. An aqueous 
solution of cyanide of potassium is a very bad conductor with an 
iron anode, even if it be maintained hot. 

IIT. Gobait Solution. — To deposit cobalt satisfactorily, dissolve 5 
ounces of the red chloride in 1 gallon of distilled water, render the 
liquid slightly alkaline by catitions additions of ai^ucons ammonia 
and stirring, and use a feeble current nith a cobalt anode. 

118. Nickel Solution!. — Since the pceviouH edition of this book was 
written, the electro- deposition of a thin coating of nickel upon articles 
of iron, steel, 3ca,, has become an extensive industry. The solution 
usually employed for nickel-plating is made as follows: — Dissolve from 
J to 1 pound of the pure double sulphate of nickel and ammonia in a 
gaUon of distiUed water, and filter the liquid. The solution must not 
be a BBtUTated one. The salt ma.y be obtained of a dealer in electro- 
plating materials. The liquid must not be in the least degree aaid 
to test paper ; and if alkaline, anly faintly so ; — if acid, add a little 
aqueous ammonia. Nitric acid or a nitrate miiHt on no account be 
allowed to get into it. It is used with a large anode of eithet cast or 
rolled nickel; anoica of all sizes may be easUy pnrchased ready-mada. 

Instead of the double sulphate, the double chloride of nickel and 
ammonium (£rst suggested and employed by the author of this book 
in the year ISuO) has been extensively used in America ; — the solution 



le solution J 



metal is apt to be yellow 
produciis a sedimi 
id bright, but the c< 



of it may be prepared aa followa : — Disaolva 59 grammes (=aboat 910 
graina) of pure aiokel in a aufficiency of warm and coloarless hydro- 
ohlorio acid. Evaporate the liquid to a small hulk to eipsl excess of 
acid; dilate it with abont 1 or 1^ litres ( = 44 to 55 oonoeH) ol cold 
distilled water. Add aqneons ammonia to it, with etirring, until it is 
perfectly neutral or faintly alkaline to neutral tint litmns-papsr. 
Then dissolve 30 grammes ( = -4S3 grains) of aal-amrooniao in about 
5 litres ( = 176 ouuces or 9 pints) of distilled water, and mix it with 
the previous solution. 

These solutions do not corrode nickel anodes very readily, and are 
not Tery good coodnctora of the cnrrent, therefore large anodes are 
required even when coating small artiolBH. They are liable to become 
alkaline by continued working, and should be tested occasionally, either 
with red or nentral tint litmus- paper ; — il the paper becomes blue, add 
(with stirring) a little aoid, sulphuric for sulphate hatha, hydrochloric 
for chloride ones, A nickel solution cannot be either too pure or too 
neutral ; — a perfectly neutral and aboat three -fourths saturated one 
is the best. 

If the liquid is alkaline, t 
and dull in appearance; — toomucha' 
If it is acid, the deposit remains white a 

apt to be unBOQnd, and in a state ol conBiderable molecuiar tension. 
The neutral tint litmus- paper, or the blue and red onee, should be kept 
in B well-stoppered bottle, and not exposed to fumes. The sulphate 
or chloride solutions, if properly worked and taken care of, are per- 
majient and will last for years, notwithstanding that a little hydrogen 
is evolved from the articles during deposition. Ae these liquids are 
not good oondnotors, they do not work freely if they are much below 
a temperature of 60° Pah. Being also nearly saturated solutions of 
the aalta, they require rather frequent stirring. When plating articles 
of iron or steel, and especially of zinc, in them, the current should be 
of greater electro-motive force at the outset for a short time, because 
those metals are electro-positive to the nickel anodes, and tend to 
generate an opposing cnrrent until they are covered with nickel. A 
solution of uitrata of nickel is unsuitable for practical deposition of 
the metal, because the nickel deposited from it is not whit-e. 

The vats for containing these nickel solutions maybe maflc of pine- 
wood, liued with gntta-percha ; or lined with lead, and the lead covered 
with a thin lining of wood pegged together. They should be extra deep 
on aooount of liability to disturb, by stirring, the sediment which is 
apt to accnmnlatG in them. This sediment is caused by the am- 
monia liberated along with the hydrogen by the action of the current. 

The articles to be coated should be abaoiutely clean, and highly 
id, finally, with finely -powdered lime, and the cleaning process 
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quickly performed. SniUble polishing materialB and apparatna are 
indispea sable, because the coated articles also requiro polishing and 
the deposited metal is hard and tenacious. The articlea mitst not be 
touched b; the fingers after having been cleaned by the potash, bat 
be handled by means of a wot cloth and the saspending wires, tha 
hands being occaBionally dipped in pnmioe powder. 

They are kept in the vat from 5 minntes to 2 or more hoars, 
acoordiug to the thiokness of tbe deposit required ; for their ordinary 
coatings they are nsnally left in until the deposit looks blaiah-giey. 
Thick coatings are apt to scale or peel off, sometimes spontnaeonaly 
without being touched, in consequence of the moleoular strain pre- 
viously mentioned. A coating of about ono-hnndredth of a milli- 
metre in thickness can be put on in about 2 hours. By snccesaive 
operations of polishing and depositing, any desired thickness of coating 
may be obtained. As the ooatiug is very durable, thick once are rarely 
required. 

Slouc wires of nickel are tbe bast for suspending the anodes, milesa 
the latter project above the liquid. The copper ones by which tha 
articles are suspended must have the nickel which has been deposited 
upon them frequently removed. To moderate tbe infiuenoe of the 
current, a thick copper rod (or several of them) ia sum etimes suspandad 
19 a cathode in the val, and receiveB Bome of the dGjiosit ; — coatinge of 
niokel, sometimes an iaeh iu thickness, gradually acuumulata on these 

To remove coatinos of nicke! from articiea of steel or iron which 
have been defectively plated, tbe articles are dipped into boiling water 
and then into a misture of oil of vitriol 4 litres ( = 7 pints); nitric 
acid, SOO grammes ( = 18 ounoes) ; water, 500 grammes; and salt- 
petre, 60 granmies. Thin adhesive coatings may be removed from 
copper by immersion in a mixture of 1 measure of snlphoric acid, 
2 of nitric acid, and i of water ; taking care to first add the aulphurio 
acid to the water whilst constantly stirring the latter, and then the 
nitric acid. 

As nickel is either corroded or discoloured by wet mustard, infusion 
of tea, vinegar, solation of table-salt. &c., articles plated with it are 
not very suitable tor cooking utensils, spoons, rfeo. 

119. Copper Salli. — The ordinary salts of copper are the protoxide 
(black oxide of cop_per). sulphate, chloride, nitrate, acetate, and cyanide. 
To make tha protoxide, heat either the carbonate or nitrate to a 
modsrats rod heat, or tbe sulphate to intense redness. The sulphate 
may be formed by heating one equivalent {79-S parts) of copper filings, 
and at most two equivalents (196 parts) of oil ol vitriol, until the 
reudne is quite dry, then dissolving the prodac 
vaporating, and crystallizing the solution ; but it is much r 
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Tsnient to pnrahase it, on aocoont of its low prico (Id. to 6d. per 
pound). The chloride and nitrate may be lormed, the first by dis- 
solTing copper in aqaa regia. or by saturating bydrochlorio acid with 
protoxidB o[ coppar, and evapociitiiLg and crystalliziug the liquids; 
and the second by dissolving capper in nitric aaid, evOiporBting and 
crystallizing the eolation. Acetate of copper is mosi conTeuiently 
purchased; its commercial n]iine ia crystallized verdigris. Cyanide 
of copper may be made by adding a solatiojt of cyanide of potassinm 
to a solation oE solpbats of copper (each tiqmd being cold) as long as 
a precipitate can be prodaced, filtering and washing the precipitate, 
which ia the reqnired compooud ; it is a fine powder of a pale green 
colonr. In the operation a large qnacitity of oyanoiien gaa ia evolved, 
which if freely inhaled is dangeioaa to the health. In uonseqnence 
also ol this Bflcape of cyanogen the cyanide of copper is not a proto- 
cyaoide, but ooctains two equivalents of oyanogeti for every three 
eqaivalents of copper ; it is freely soluble in a solntiun of cyanide of 
potassium ; it is also soluble in aqueous ammonia an.l in a solation of 
carbonate of ammonia. The proportion of materials wo have used 
in making it has been 65 parts of cyanide of potasBium and 13o parts 
of anlphate of copper. The precipitating solution is invariably 
greeoiah-hlue, and contatca mnch dissolved copper after all precipita- 
lioa ceases ; but no u»e has hiUierta been made of this remainder, 

120. Copper Si'liiliiins. — Copper may be easily deposited eithfar by 
simple immersion (wash process), by the single cell, or by the battery 
prooesa. According to Beiuach, iron may be coated with a durable 
and polishablB layer of coppar of any thickness (?) by the simple 
tmiuerBioii process thus : — Mix together one measure of hydrochloric 
acid, three measures of water, and a few drops of a solution of sul- 
pba-te of copper; clean and immarae the iron; wash it, rob it with 
Che copper solution, and re-immerae it repeatedly, adding a few drops 
of the copper solution occasionally. In depositing copper by the 
single cell process, a nearly saturated solutioa of anlphate of copper 
answers vary well ; but for the battery process au esoellent solution 
may be made by dissolving four parts, by weight, of finely divided 
sulphate of copper (best quality), and one part of aolphuric acid, in 
abont 18 or 20 parts of water, and then filtering it ; neither of these 
solutions, however, ia fit to deposit copper upon iron, steel, or zinc; 
becanae the electrical relations of these metals in the liquid are 
unsuitable; these metals decompose the aolutious rapidly, and deposit 
the copper upon themselves by simple immersion. To effect an 
adhesive deposit of copper upon iron, a liquid composed of cyanide 
of copper dissolved in a solution of cyanide of potassium may be 
s formed thus; — Dissolve cyanide of copper to saturation 
a water containiug about two pounds of cyanide of potassium to the 



gKllou. and tben add aboat oae-eigbth more of the cyanide of potaa- 
Dnm Bolation to form free cyanide ; tbe liquid is thea ready, and 
should be used at a temperatoie of about 160° Fab. 

131. Copper is electro- poBitive to iron in the following liqwds at 
G0° Fah. : — Powerfully in a solntion of hydros nlpliuret of ammonia; 
feebly in a saturated solution of ammonia ; in a solution of oxide of 
deeper in liquid ammonia; in aqueous ammonia, or in a Batnrated 
solation of ferrooyanide of potaasinm, eacb bnt for a short time — it 
then becomea negative; in a saturated Bolutlon of bii'liroiiiate of 
potash : in a strong aqueous solution of snlphide of potassium, it is 
increasingly positive up to the boiling point of the liquid. This last 
liquid yielded a similar effect witb brasB. 

123. Brassing Solutions. — Much interest and importance was long 
attached to the diaoovery of solutions whereby alloys, and especially 
brass, might be deposited in the reguline state, and various liquids 
have been used and patented for this pnrpoae. M. do Buolz, iu 1S41, 
d<^>osited brass from the cyanides of zinc and copper, dissolved 
together in a solution of cyanide of potassium. Copper articles may 
be superficially brassed by boiling them in a solution of bitaitrate 
of potash with zinc amalgam, or by bailing them in dilute hydro- 
chloric acid witb some bitartrate of potash and zinc amalgam. 

123. Other early workers ia this direction were Rnsseil and 
Woolrich. whose formula was as follows : — Take 10 pounds of acetate 
of copper. 1 pound of acetate of ainc, 10 pounds of acetate of potash, 
and 5 j^allons of hot water; dissolve the salts in the water, add as 
much of a solution of cyanide of potassium as will precipitate tbe 
mixture, and re. dissolve tbe precipitate; in addition add about oue- 
tontb of cyanide of pctaBsimn. Use a brass anode, or else two anodes. 
one of zinc and one of copper, and an electric current. 

124. Joseph Steele used the following formula : — Dissolve 2J 
pounds of American potash in 6 gallons of hot water, and filter the 
solution ; also dissolve 2} ounces of acetate of copper in half a pint of 
strong liqnid ammonia, and add it to the first solation with atirring; 
also add 4 or S ounces of siUphate of zinc, and stir till dissolved ; and, 
finally, add 2 ounces of cyanide of potassium, filter tbe resulting solu- 
tion, and use it at 100° Fab., with a brass anode. To obtain a dark 
coloured brass add more aoetate of copper ; and to obtain it of a lighter 
colour, add more sulphate of zinc. 

125. Salzede's well-known formula was ; — Take 5,000 parts of 
water, dissolve 12 parts of cyanide of potassium in 120 parts of it, 
then add 610 parts of Bttb-carbouate of potash, 4S parts of sulphate of 
zinc, and 25 parts of chloride of copper to tbe remainder of the water, 
and heat the mixtnre from 144" ta 172° Fah.; and when tbe salts are 
entirely dissolved, add 306 parts of nitrate of ammonia, allow t 
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liquid to remun undiatarbed for 20 houra, and then add the eoln- 
tioa of oyauide of potaBsiom ; Mo-w it to remain again till clear, and 
than diaw oS the traneparent liqoid, which is ready for ase; work it 
vith a large brasB anode and a strong battery. Another liquid whicb 
fae nses for brasBing oonsistH of 5,000 parts of water, 500 parte of sub- 
oarbonate of potash, 35 pirts of Bolphate of zinc, 15 partsof chloride of 
copper, and 50 parts of cyanide of potasaimn. For a bronzing solution 
he OBes 25 parts of chloride of tin in place of the sulphate of zinc of 
the first brassing liquid, aod proceeds aa with that liquid ; for a aeoond 
bronzing solution he nses 12 parts of chloride of tin in place of the 
snlphato of zioc of the second braHaing liquid, nsing the solution at 77° 
to 97° Fah, 

1-26. Bmnel, Bisson, and Gaugaiu'e formula consists of oO parts of 
carbonate of potash. 2 parts of chloride of copper. 1 parts of sulphate 
of zinc, and 25 parts of nitrate of ammonia, dissolved together in cold 
mter, whicb is used with a brass anode and a strong battery. 

12T- Morris and Johnson's patent, dated December 11, 1S62. — 
According to this patent, dissolve 1 pound of cyanide of potassium, 1 
pound of commercial carbonate of aramonitt, 2 oonoea of cyanide ot 
copper, and 1 ounce of cyanide of zinc, in 1 gallon of water, and use the 
■olution at l-'>0° Fah. , with a large an.ode of brass and a powerful battery. 
Or a solution may be taken of 1 pound of cyanide of potaBsiom and 
1 pound of carbonate of amiuoiiia, dissolved in 1 gallon of water, and 
saturated with copper aud zinc to the requisita degree by means of a 
strong current, a large brass anode, and small cathode, until the latter 
receives a good deposit of brasB, the solution being at a temperature of 
150" Fah. To increase the proportion of copper, either add cyanide 
of potassium, or raise the temperature ot the liquid ; and to increase 
the proportion of zinc, either add carbonate of ammonia or lower the 
temperature. 

128. Of the numerous solutions that have been tried for depositing 
brass, the cue just mentioned is much the best. By it reguline and 
thick deposits of brass, of uniform colour, and of any desired com- 
position, may be obtained. It is not an expensive liquid ; it acts with 
average strength upon the anode ; it holds a sufficient quantity of the 
alloy in solution; it conduots electricity with moderate facility; and 
it yields ita metal in the reguline state very uniformly ; it boars a 
great variation in the electric power without injury to the character 
of the deposit, and is. therefore, very easily managed ; it does not act 
porctptibly npon cast iron, wrought iron, steal, or even zinc, so as to 
injure the adhesion ot the deposit; and it is not decomposed by 
e^ipoBure to the atmosphere, to light, or heat, in such a way as to 
efFsot its depositing power. Its defects are, that it require 
■vorked hot. and with (innsiderahle battery power, in order tn n 
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the anode diasolvo rapidly, the Bolntion oondnct copioaaly, and to 
muBe B rapid deposit; it aleo evulvea an abaiidaiiaa of gaa at the 
cathode wbeD working, nhcthar the Holation is hot or cold, which 
indioates that part ol the batter; power is expended in decomposing 
the watsr of the liquid, depositing its hydrogen with the metallic 
alloy, and oxidising the solntion. Bnt all the brassing solntions ore, 
in a greater or leaa dagtee, imperfect. 

Deposition of German Silver. — The same patentees also deposit 
German silver bj the following process : — Dissolve 1 pound of cyanide 
of potassiam and 1 pound of carbonate of ammonia in 1 galloa of 
water, heat the solution to 160' Pah., immerse a large anode of 
German silver in the liqoid, and a small cathode of any Bailable 
metal, connect the two with a pawerfnl battery, and puss the current 
of electricity until considerable metal is dissolved and a bright cathode 
reoeives a deposit of good colonr ; the solution is then ready for nse. 

129. Mereary Solutiona, — Tha ordinary compoonds of meroury are 
the bioxide (red precipitate}, hianlphide (vermiilion), bichloride (corro- 
eive sahlimate), nitrate, and bicyitnide. The nitrate is formed by 
dissolving mercnry in nitric acid diluted with three times its bulk of 
water, the mixture being cold, and no more metal added thoiU the acid 
will diSHolve, The aolution whan dilutisd with water may be used for 
depositing by the battery process, a layer of mercury at the bottom 
of the liquid being used aa the anode, and connected with the battery 
by a platinum wire passing through a tube of glass or gutta-peroha. 
The bicyanide is made by taking 8 parts of Prussian blue and 16 
parts of peroxide of mercury, both in the state of fine powder, in 30 
parts of water, boiling the mixture for about a quarter of an hour, 
filtering the hqaid, and evaporating and crystallizing the solution; 
the resolting salt ia the bicyanide, and to form it into a Equid fit for 
depositing, it must be dissolved iu a solution of cyanide of potassium; 
the solution may be used with a mercury anode and battery as already 
described. It is better to purchase the bicyanide. 

130. Silver Saits.— The most oommou salts of silver are the oxide, 
chloride, nitrate, and cyanide; the oxide, chloride, and cyanide are 
sold retail at about la. per ouiu^e. and the nitrate at 5a. per oniioe. 
Oside of silver is prepared by adding a solution of caustio potash 
to a eolation of nitrate of silver, as long as a precipitate can be 
produced; the brown precipitate, whan washed and dried, is oxida 
of silver. Chloride of silver is made by adding either hydrochloric 
acid or a solution of cammon salt to a solution of nitrate of silver, 
until a precipitate ceases to be formed; the white precipitate of 
chloride of silver should be washed, dried, and preserved out of 
the influence of light. Nitrate of silver is easily formed by adding 
^aiu silver, in small qnantities at a time, to a warm mixture 



<rf 1 meaBnre of distilled water and 4 raeasares of the atrongeBt 
nitrio oaid ; if tlie liqnid is too hot, or too mnch silver is added at a 
fcne, the action will be very strong, and loss of oiaterialB may be 
oocftsioned ; in Hucli a caae add a small qnanity of oold distilled water. 
Wlieo the liquid ceasea to dissolve more metal, it should be evaporated 
and crystallized, or else kept, protected from dust, until required 
to be used ; nearly all the oompoonda of silver are formed by means 
of this salt. Acetate of silver is made either by addiug a solution of 
ftoetaie of potash or acetate of soda, to a solution of nitrate of silver, 
■s long aa a, precipitate occois, or by digesting the oxide or the car- 
boaate of silver in hot and strong acetic aoid ; it is freely dissolved by 
a solation of oyanide of potassium. Cyanide of silver is generally pre- 
pared by adding a solntion of cyanide of potassium to one of nitrate of 
silver as long as a precipitate ooaorB ; the white precipitate, whlob is 
cyanide of silver, is insoluble in water, and is not preoeptibly solable 
in ooromoreial hydrooyanio aoid; it disaoives very freely in a solution 
of cyanide of ammonium, potassinoi, or sodinm, and in hyposulphite 
of soda ; it is also said to be soluble in solutions of ammonia, car- 
bonate of ammonia, sal-ammoniac, nitrate of ammonia, and ferro- 
uyanide of potasxinm. 

131. M. Brandeley. a French experimental ist, makes the following 
remarks upon the preparation of ayanide of silver : — " To obtain a 
beautiful and easy deposit of silver we choose, among all the salts of 
silver, the cyanide, as giving the beat results ; but as the dealers sell 
this at B high price, both amateurs and manufacturers reject it. 
Others, (or the sake of economy in procuring it, purchase hydrocyanic 
aoid ; but this also is of too high a price, and, independently of being 
obliged to use it immediately, it is both dangerous and difGcnlt to pre- 
serve, as the air and light decompose it. If we take commercial 
hydrocyanic acid which has been prepared fifteen days, and pour it 
into Sb solntion of nitrate of silver, consisting of 1 part of the nitrate 
to 6 parts of water, cyanide of silver is formed, bnt it is more or less 
yellow, and much ammonia and hydrooyanio gases are evolved. On 
the other hand, if we make a solotiou of cyanide of potassium, filter 
H, and dissolve cyanide of silver in it, immediately the solntion, which 
wab clear and colourless, becomes troubled and black, and betrays an 
odour of ammonia and hydrocyauio aoid. This odour will continue as 
long as the solntion exists, and a deposit of carbon will be found in 
the containing vessel. This sediment arises from the decomposition of 
one part of the cyanide of potassium, caused by the presence of the 
cyanide of silver. Having occasion to use considerable quantities of 
the cyanide of silver, I dissolve pure silver in pure nitric acid, evaporate 
jnst to dryness, dissolve the nitrate of silver thns obtained in distilled 
, and pass hydrocyanic gas (pmssic acid) through it, from, v- 
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mixture of ponnded lerrocyacidB ot potaBBinm and snlphnrio acid 
dilated with twice its weight of water, eontinning thia as long as a 
precipitftte wQl form. Wash the cyanide of ailver, and preaerva it 
below water, away from the light. Thaa precipitated, the Bait dis- 
solvea without residanm ot colour, aud givea splandid cesultB." 

With regard to thifl prooeHS we may remark, that 6 parts of 8ol- 
phnrio »cid should be miiad with from 30 to 40 parte of water, and 
the mixture allowed to cool; then pat iaia a glase vessel (Fig. 35), 
together with 10 parts 
of coarBely- powdered 
farrooyaoide of potaa- 
siam ; and heat ap- 
plied nntil gas is 
evolved from the mix- 
lore, and continued oa 
long as gas is evolved. 




or as loug as a pre- 
cipitate is produced 
in the silver solatiou, 
the gas being passed 
into the liquid by a 
aaitfible tube (sec Fig. 
35). TbisprocBSE may 
yield a purer product y^^ ^g 

than when the nitrate 

Eolntion is precipitated by cyanide of potassium ; but it cannot be 
very economical, because only half of the cyanogen of the ferro- 
cyanjde paseeB over as hydrocyanic acid ; the remainder is left behind, 
and is ooutained in the yellowish- white residuum in the gaB-generating 
veBBcl. 

132. Silver Solutioni. — Silver liafl been deposited by the ordinary 
dipping or waah process, by the single cell, and by the battery 
process. The following are recipes for solutions taken from various 
sources, adapted for sOvcring articles by the simple immersion or 
waah process, chiefly applicable to small articles, such as pins, buttons, 
buckles, ooffin-nails. hooks and ey-es, &e., where only a very thin coat- 
ing of silver is required. The materials, in the proportions indioated, 
ace nsed by lidding a small quantity ot water, sufficient to farm tba 
ingredients into a pasty liquid of the consistenco of cream, stirring 
tlie articles thoroughly about in it, or rubbing them over with it uatil 
they have aciguired the deaired degree of whiteness : — Ist. Take eqtul 
parts of chloride of silver and bitartrate of potash. 2nd. Takechlorido 
of silver 1 part, alum 2 parts, common salt 8 parts, and tartar 8 parta. 
3rd. Take chloride of silver 1 part, prepared chalk 1 par 



aalt IJ parte, and pearl-aeh 3 parts. 4th. A " iiovargent " Bolntion (or 
ro-ailvaring old plated goods, conaietH of 100 parta of hyposulphite irf 
floda. and chloride or any other salt of silver 15 parts. Compounds 
of this desoription are also assd for silveriug olook-facea, thermometor 
and barometer platea. and many otler acticlea of copper and hrasa. 

138. Silferitig by Immenion, — Mr. Josapk Steele took ont a patent, 
dated Angast 9, 1850, for silvering: articles by immecHing them in k 
silver aolntion in contact with a piece of zino of proper eizo. The 
process ia as follows ; — Dissolre 4 ounces of pare silver in 90 onnces 
of nitric acid; alao dissolve separately IJ pounda of common salt in 
IJ gallons of water; mix the two solutions together, allow the mix- 
ture to remain till clear, ponr away the clear liquid, and waah the 
precipitate, which is chloride of silver; next fuse together 24 oancee 
of ferrooyanide of potassium and 12 oimcea of carbonate of potash, 
and when the mass is cold, add it, together with the chloride of silver, 
to 1 J gallons of water ; boil the mi^Lture, and filter it ; it is then ready 
for nae. 

134. Silvirivg Solution for Battery Pracess. — Many solutiona have 
been proposed and tried tor depositing silver by the battery process, 
bnt none have stood the test of tim e and esperience like the One com' 
posed of double cyanide of silver and potassium diasolved in water, 
and a little free cyanide of potassium added. It may be made of 
various strengths, from i an oance of silver to the gallon of water, 
to 2, 4, 6. or more ounces; and from an onnce of cyanide of potas- 
simn to several pounds por gallon, and still be effective in working. 
The formnia of M. de Biiolz is as follows : — Dissolve 1 part of cyanide 
of silver and 10 parts of cyanide of potassium in 100 parts ot water, 
and dilate the lesalting liquid with water to the reqaired strength. 

135. Silver Plating Solution, — Tie following is the most practical 
method of making a large quantity of the ordinary cyanide of silver- 
plating liquid : — 'Take 4 parts ot itruin silver, add it. in suiall portion! 
at a time, to a warm mixtura of about 5 parts by weight of strong 
commercial nitric acid (the acid varies a little in strength), and I port 
of water, contained either in a glass or stoneware vessel. Gas will b» 
evolved from the surfaces of the pieces of silver, and brown fumes ol 
nitrous acid will arise from the mixture, which should be conveyed 
ont of the apartment by means of the chimney. The action shonld 
be maintained moderate and uniform, and if it should become too 
strong, a little cold water should be added, and the mixture kept 
cooler ; when the whole of the metal is dissolved, apply a greater heat, 
and evaporate the solution to a sn:iall bulk, which will drive off any 
exoesE of acid that may be present ; the resulting salt, nitrate of 
Bilver, may then be dissolved in a large qnantity of water, in tho 
proportion of i gallon (more or lese) to each oauce ol silver used ; kt 



the same time a eolutioa should be made of from 3 to 3| parts (aocord- 
ing to its qanlity) of cyanide of potaBsiain in 30 or 40 pacts of water, 
which Ih to be added gradually, witli aticriug, to the one of uitrate of 
ailver as long aa it produces a precjipitate ; if too innoh be added, it 
will cause HOine of the precipitate to re-diaaolve and be wasted; it 
will also make the liquid appear clear wliere it passes ; in such a case 
the liquid should ba stirred, Chen allowed to settle clear, and a small 
quantity of nitrate of silver dissolved in diatiUed water should be 
added as long as it produces a white cloud. By oonducling the 
operation in a glass vessel, adding the liquid towards the latter 
period in amolt quantities at a time, and at intarvala of a few 
minntea each, with gentle atirring immediately upon eaoh addition, 
oarefully observing when it ceases to pcodoce a precipitate, the point 
of neutralisation may be very aoourately determined. The liquid 
mofit now be allowed to remain undisturbed until quite clear, the 
clear portion poured steadily away from the precipitate of cyanide of 
silver, and the precipitate washed £ve or six times in a large quantity 
of water, by simply adding the water briskly to it, allowing it to 
settle, and then pouring away the clear portion. Next dissolve from 
3 to 3J parts (oocOFding to its qaality) of cyanide of potaasiam in 
20 parts of water, addiog it in portions at a time to the wet cyanide 
gf silver, with free etirriag, onbil the whale la dlHsolved, then add 
about 3 parts more of cyanide of potassium to form free cyanide, and 
sufficient water to reduce the whole to the proportion of about 1 ounoe 
of silver to the gallon ; finally, when all the free cyanide is dissolved, 
filter the solution through a piece of ungluzed calico. Distilled water 
ia used in all oases. The wash-water should be tested for ailver by a 
little hydrochloric acid, before thrawing it away, 

136. Another Sotation. — The cyanide of a liver -plating solution may 
be made by other modifioatlona of the obemloal method than the one 
described. For instance, some depositors make the solution by addiog 
oxide, carbonate, or even chloride of silver to a solutiou of cyanide of 
potassium, as long as it will dissolve, and then adding an amount of 
free cyanide; by this process the operator is enabled to use caustic 
potash, carbonate of potash, hydrochloric acid, or oommoo salt, 
instead of cyanide of potassium, for precipitating the nitrate of stiver) 
nevertbeless it still requires two equivalents of cyanide of potassium to 
be naed as before, viz., one to convert the salt of silver into cyanide, and 
the other to dissolve the cyanide of silver formed, because in all such 
jMes, according to the researches of Messrs. Glaasford and Napier 
{"Philosophical Magazine," 1344), when any salt of silver ia added to 
a, solution of cyanide of putaasium, it is firat converted into cyanide of 
silver at the expense of one portion of the cyanide of potassium ; it 
then combines with thi^ remniniuK cyanide to form double cyanide of 
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eilver and potaHaium, which diHsnlveSi in the water ; thoreforo, by this 
modificBtioa of the chemical method, no ojanide o{ potaBsiam is saved, 
and the carbonate of potash, hydrochlorio acid, &c.. are wasted. This 
modili cation has a still greater disadvantage; it introduces aubstances 
iato the depositing liquid which are InjurioUB. We have before Baid 
(§ 90) that a good depositing solntion shonld diseolve the anode freely, 
hold abnndaDoe of metal in solution, and not aot chemically npnn bane 
metals, because it is such metals we generally wish to coat; now, if 
we add carbonate of silver, it oonverbs it into carbonate of potash ; if 
inslead of cyanide of silver we add oxide of silver to the cyanide of 
potassiara. liquid, it oonveitB part of the cyanide into caustic potash ; 
and if chloride of silver, it converts it into chloride of potaaeinm ; and 
eaoh of these substances, especialiy the last, dimioishes the action of 
the liquid upon the dissolving plate, decreases its solvent power for 
oyanide of silver, makes its particles less mobile, and causes it to act 
in some degree upon base metals, and thus endangers the adheaioD of 
the deposits upon them. Some eleotro- platers think the presence of 
these salts not iujarions, but most consider them detrimeotal. 

137- Holutioa by Batten/ Process.— The same silver solution may be 
formed by the battery process (g B9) as well as by the chemioal method, 
and this process has its own advantages and disadvantages ; it is very 
oonvenient in making a small quantity of liquid, becausQ it enables the 
operator to make it qoickly, to avoid the trouble of making the nitrate 
solution, of precipitation, of washing, and oE the attendant risk of loss 
of materials; but it has the disadvautago of converting a largo pro- 
portion of the cyanide of potassium into caustic potash, by taking its 
cyanogen to form cyanide of silver, and setting the potassium free, 
which immediately combines with the uiygen of the water, forming 
caustic potash, which dissolves in the liquid ; whilst the hydrogen of 
(he water is evolved at the cathode, and the dissolved potash gradually 
baoomes converted into carbonate of potash by absorption of carbonic 
•cid from the atmosphere. Neither caustic potash nor carbonate of 
potash are so injurious in the liquid as chloride of potassium ; still 
Ihey diminish the action of the liquid upon the dissolving plate, 
render it a worse conductor, reduce its solvent power for cyanide of 
silver, and make its particles less mobile. 

138. Solid Deposilioa of Silver. — Mr. Alexander Parkes took out a 
patent, March W, 1841, for improvements in the solid deposition of 
silter. He converts an ounce of Bil~ver into oxide of silver, by first 
dissolving it in nitric acid, and then precipitating it by caustic potash ; 
he then dissolves the oxide together with 16 ounces of cyanide of 
potnaaium in 2 gallons of water, and uses the resulting liquid for de- 
positing solid articles in silver. 

laU. Mr. Edmund Tuck not very long after introduced some ■■ im- 



90 BLECTBO-PUTDJO tlQDIDB. 

provamsnta in depoHtmg ailvei apon German Hilver." For platdng the 
uommoner qaalities of this alloy he ases a solation compoBed of snl- 
phato of silver dissolved in a solution of carbonate of ammonia, and 
for thE best qnultty be usee cjanide of silver dissolved in a Bolation of 
carbonate of ammonia. The eolntiona aro formed by dissolving 70 
parts of carbonate of ammonia in distilled water, then adding 15G 
parts of Bolphate of silver, or ISl parts of cyanide of silver, and boil- 
ing the liqnid mitil the salt is dissolved ; for coating common German 
silver he adds half an ounce of snlphate of silver to 107 grains of 
bicarbonate of ammonia. 

140. For depoaiting parpoaea, a aolution composed of water 20 
parts, cyanide of potassiam 4 parts, and acetate of silver 1 part, 
oonducts very freely, and yield a a fine white deposit of silver. A 
aolution compoaed of water 25 parts, prusaio acid 65 parts, "black" 
cyanide of potassium 12 parts, and cyanide of silver 10 parts, is also 
a very good one. 

141. Many electro- platers use a cyanide solation containing about 
half an ounce of silver to the gallon, and add a very large proportion 
of free cyanide to make it conduct freely ; such a solution haa the 
advantage of being comparatively inexpensive in its lirst formation, 
quick in working, and yields metal of an average character ; bnt it is 
rather difficult to manage in hot weather, and dissolves the aoode very 
rapidly, on account of the large proportion of free cyanide. In prac- 
tice, the aniouut of silver to the gallon varies from half an ounce to 
about 4 ounces, but ordinary soliitious contain about 1 or 2 ounoes to 
tbe gallon ; the amount oE free, cyanide of potassium also variea from 
about half the weight of the silver dissolved in the liqnid to five or ton 
times this quantity. A very good proportion is about three-fourths of 
the weight of the dissolved silver, but there is no rule generally ra- 
oognised in the trade upon thia point ; some manufaoturera use a -iexj 
large and ctbcra a very amall proportion. 

142. A good plating liquid should contain one equivalent (65 parta) 
of pure cyanide of potaHsiom, and one equivalent [134 parts) of oyanida 
of silver, besides /rec cyanide, and aufSoient water to form a thin liquid- 
It is necessary to have frte cyanide, because in working the aolutions 
insoluble oyanide of silver is formed and requires pte. cyanide dL 
potasaium to combine with it and form the soluble double cyanide ; 
at the same time cyanide of potassium is set free at the cathoda 
01 receiving snrface by the deposition of the silver, and as it requirea 
some time for this substance to mix with the liqnid and reach tbe 
diaaolving plate, Jrtt cyanide must be provided. The necessity tat 
having EufGcLent water to form a thin liqnid arises from the donbla 
oyanide formed at the dissolving plate being specifically heavier 
than the hquid, having a tendenoy to sink to the bottom, whilst 



the cyanide of potasainm set free at Ibe anrface of the ardclea, 
being specifically lighter, tends to rise to tlie Hurfetce; at the afuno 
time each of lliem mixes mora or less with the eurroandirig hqoid 
by capillary attraction or adhesion, and the more dilnte the liqaid 
IB tbe more mobile are its particles, and t)ie more rapidly does this 
mixture take plaoe. This explaics why strong silver aolutiona reqaire 
more frequent stirring than weak ones to keep Ihcm nniform. In 
some mannfactoriea, where they have steam-power at command, 
ihe articles are kept in constant motion by maohiaery swinging them 
gently to aod fro; bol in ordinary el«ctro- plating eBtablisiuniuits the 
silver solations are only stirred every evening. 

1^. If a solution contains but little water and a large supply of 
(cob cyanide, and from any oanse the electric current becomes sud- 
denly weak towards the evening, the silver deposited upon the articles 
will be re-diesolved, in consequence of the liquid about the dissolving 
aheeta having by the day's work heoorae saturated with silver, and 
that about the articles become fnll of free cyanide; the two electrodea 
(I'.e., the dissolving platen and the articles) form a kind of voltaio bat- 
tery (one metal in two liquids), which develops a current of electricity 
in an opposite direction to the original one, and thus re-dissolves the 
deposited silver. 

m. Bright Siluer Solution. — Much practical interest was for a long 
time attached to the anticipated discovery of a aolution by which 
silver might be deposited in a bright condition, and the labour of 
bnmiahing be thereby avoided or lessened ; and this discovery was 
at last effected as follows : — Mr. Alesr. Farkes, at the electro-plate 
works of Messrs. Elkington and Ma.son, Birmingham, was engaged 
in some experiments with moulds containing bisnlphide of carbon; 
whilst these moulds were being coated with silver in the depositing 
vats, the depositor observed some peculiar appearances upon the 
various articles receiving a deposit in the vat. some having bright 
patches upon them like burnished metal. Prom the known presence 
of bienlphide of carbon, experiments were made of adding that sub- 
stance to a qrmntity oC silvering Uquid, which ultimately resulted in 
anccesB. and a patent was taken out for tbia process by Messrs. Lyons 
and Miliward. in which they give the following instructions for 
forming a " brighb solution" : — "Add to the usual solution of silver 
in cyanide of potassiom, bisulphide of carbon, terchloride or other 
aUoride of carbon, eeaquiohloride of sulphur, or hyposulphite of 
either potash or soda. The bisulphide of carbon may be used alona 
or dissolved in snlphnric ether ; or it may be used in conjunction with 
any of the other substances mentioned above, but the patentees prefer 
nsing it as follows : — G ounces of bisulphide of carboo are put into a 
stoppered bottle, and 1 gallon of the nsual plating liquid added to it; 



the mixture ie tbeu sbiiken and. set aEide for 24 honra ; 3 oimoeB of 
the resulting aolntion are then added to every SO gallons ot the 
ordiaitry plating solution in the vat, and the whole stirred together ; 
this proportion mnat be added every day, on aocoont of the loss by 
evaporation, but when the mixture has been made several days, lees 
than this proportion may be ased at a time; when hydrocarhone are 
used instead of the bisnlphide, a maoh larger qnaiitit; mQHt be added. 
This proportion gives a bright deposit, but by adding a larger propor- 
tion a dead enrfaee may be obtained, very different to the ordinary 
dead snrtace." This aabetance is generally employed thronghont the 
trade, the patent having expired. Other compounds are also used, 
bnt to a very limited extent : among these are sulphur and aollodion. 
A solution of iodine and gutta-percha in chloroform is said to be more 
permanent in its effect than the bisulphide of carbon, The liquid is 
generally added to the vat in the evening after the work has been 
taken out. A method of bright gilding has also been brought into use 
in the trade. 

Ii5. Method of Sinking Cyanide of Polaesjimi.— As nearly all the 
Holntionfl which are used tor electro- silvering and gilding contain 
cyanide of potassium, and as this suhstauce is used extensively in 
eleatro- deposition generally, it will be necessary for the practical 
depositor to underBtind how it is made, and to poBsesa information 

respecting its imparities, and tlie method of testing its quality. It is 
nearly always made by the following process : — Take ferrocyanide of 
potassium (yellow prussiate ot potash), pound it fine, and gently heat 
it in an iron pan, with constant stirring nntil qaite dry; treat a 
quantity oE the best quality of carbonate of potash in a similar 
manner. When they are perfectly dry, add about 3 parts of the car- 
bonate to 6 parts of the ferrocyanide, and thoroughly m\t them ; heat 
the inixtm'e rapidly in an iron ladle or crucible, until it melts into a 
clear liquid, when gas will be evolved from its surface. It should be 
maintained at a moderate or dull red heat aboat IS or 20 minutes, 
or nntil the end of a cold iron rod dipped into it shows a white 
sample. The fnaioo should not be continued until the evolution of 
gas ceaaea, or the product will be of a grey colour. It should be kept 
covered as much as possible. By allowing it to stand uudistnrhed for 
a few minutes at the latter part of the operation, and occasionally 
tapping the sides of the ladle or crucible, the iron of the ferrocyanide 
will settle at the bottom as a fine black powder ; the colonrlesa cyanide 
of potassium may then bo poured aS into a cold iron pan, or npou a 
thick and cold iron plate; it ahaald be broken up whilst still warm, 
and preserved in a well-stopped jar. 

The black sediment, wMeh contains much cyanide of potaBSium, 
should be scraped out of the vessel while still hot, and preserved, as 
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water wQl at &ay time diaaolve the cyajiide. If the process has been 
well condncted, the produot will be of a clear white cmloor, or at moat 
but very sligbtly grey. A larger proportion of cyanide of potaasiom 
ia obtained by this process than when ferioeyanide alone is employed, 
beoauBe in the former case ODe-third of the cyanogen {that which was 
combined with the iron) combines with the potassiam of the carbonate 
of potash, whilst in the latter case it is lost ; the cyanide produced by 
the fDHioD of the fezroayanide of potaasiiun alone ia of a greyish- 
black colour, and ia termed " black cyanide." 

146. Cyanide of Potassium. — Commercial cyanide of potaaBiam ■varies 
very miiab in price ; the best quality of white cyanide is sold retail from 
2«. hd. to ii. Gil. per ponnd in England ; in the United States of Amerioa 
it varies from 2). 3d. to ia. 6ij. per pound, according to qoality; 
and black cyanide may be obtained retail at 3«. lOil. per pound. By 
disBolving several speciniens of commercial black cyanide in water, 
and filtering the solution, wa found the proportioa of black impurity 
in them varied from one- fourth to one-sixth of their weight; and by 
BiperimentB with the commercial white cyanide we found that I part 
(200 graiua) of it dissolved in about 1} parts (230 grains) of distilled 
water at G0° Fah,, and that it dissolved more freely in water oon- 
toiuing hydrocyanic acid. 

147. IinpiirUiesi'a Cyanide of Potasaiam. — According to the researches 
of Meears. Glaaaford and Napier (" fMlosopbical Magazine," 1B44), 
commercial white cyanide generally containa about 36 per cent, ol 
imparitieB, and as often as much aa SO per cent., in the form of car- 
bonate and sulphate of potash, chloride of potassium, oy anate of potash, 
forrocyauide of potassium, and silica ; and if the mixture of salts from 
which it is made is not dry, anunoniacat compounds are also formed. 
The sulphate of potash and chloride ol potaaaium occur in the com- 
mexcial carbonate of potash; the silica is present when we operate 
with an earthen cmcLble ; »nd even when the process is well conducted 
and pure materials used, the product contains 20 per cent, of cyanate 
of potash, produced partly by the contact of the air with the melted 
mixture. 

148. Testing Cyanide of Potasiiam. — According to the same esperimen- 
talista, the quantity of pure cyanide in any giveu sample of cyanide of 
potasBium may be correctly aacertained thus :— Make two solutions, one 
of the given cyanide and one of nitrate of silver, each containing known 
weights of the salts, say 1 ounce of the cyanide dissolved in 6 ounces 
<rf distilled water in a graduated gliLsa vessel, and ITS )jraiua of the 
crystallized nitrate dissolved in about 2 or il ounces of distilled water; 
odd the cyanide solution carefully and slowly to the nitrate of silver 
liquid, nntU the precipitate first formed is all re-disaolved. The 
iiuantity of the cyanide aolution required to effect this (with the above 
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qnaotity of nitrate of silver) will have contained l!>t) grains ot pure 
oyanide, and from the qaautity used we may easily calcolate the 
amoniit ot pure cyanide in the whole ounce. It ib said, that "when 
nitrate of silver is added to a solution of cyanide of potaHsium, eo 
long as the pTacipitate formed ia hU re-disBDlved, we obtain the vhoU 
ot the cyanide of potassium in eombination with tlie ailvet; none of 
the other salts in solution take any part in the action, even though 
the; he present in a large proportion. This enables as to test the 
exact quantity of cyanide of potasainm in any eample." 

149. Chemical Characters of Cyanide 0/ Silver. — In the preaence of 
cyanide oC potassium, ao we are informed by Messrs. Glassford and 
Napier, cyanogen has a greater affinity for silver than anything else 
has, decomposing every salt of silver except the snlphide, and forming 
cyanide ot silver. In diaaolving the oiide, carbonate, chloride, or 
lerrocyanide of silver, in a solution of cyanide ot potaeainm, they are 
all decomposed, and oyunide ot silver always formed. Cyanide of 
silver should be dried below '260° Fah. ; hydrochloric acid decomposeE 
it with evolution of hydrocyanic acid gas ; cold nitric acid has 110 
action upon it ; a boiling miictuTe ot sulphuric acid and water deuom- 
posea it, with escape ot bydracyauio acid gas, and formation ot sul- 
phate ot silver; it is soluble in the alkaline chloridea, but its best 
solvent is an aqueous solution of cyanide ot potassium, of which 
it requires 1 equivalent (65 parts) to dissolve one equivalent (13J parts). 
The resulting aolation, when evaporated, yields crystals ot double 
cyanide of silver and potassium, which are soluble in 8 parts ot coid 
or in 1 part of boiling water. The solution of this double salt, which 
is nearly the same as the ordiua.ry plating solution, may be boiled tor 
any length of time without being decomposed, and it is very little 
affected by light ; it is decomposed by nearly all acids— they precipitate 
the silver as cyanide of silver; the hydro-acids — ^hydrocUoric acid, 
lor eismple — decompose the cyanide ot silver also ; sulphuretted 
hydrot;en precipitates the silver as sulphide of silver. 

150. Oold Solutions. —Various salts of gold have been used for 
electro -deposition, among which arc the hyposulphite, sulphite, iodide, 
bromide, tercbloride. cyanide, and sulphocyandde. Finely-divided gold, 
which is sometimes used tor dissolving, may be obtained by adding a 
solution ot protosulphate ot iron to a solution ot terchloride of gold, 
as long as a greenish-brown precipitate occurs ; this is gold in a state 
of very minnte division. Oxide of gold is obtained by adding to a 
solution ot terchloride of gold a cold solution of caustic potash, until 
it ceases to produce a precipitate ; or by digesting tcrobloride of gold 
with magnesia ; washing the latter precipitate, first with dilute nitric 
acid and then with water only. Iodide of gold is formed, either by 
digesting oxide of gold in hydriodic acid, or by adding a solution of 



iodide of potaasiam <>o a solntion of terchloride of gold ae long as a 
precipitate is produced, washing the precipitate with water ; it is of a 
yellow colour, insolable in cold water, but freely soluble in a Holntion 
of iodide of potasainin. Bromide of gold may be formed either by 
digBBting finely-divided gold, or oxide of gold, in liquid bromine con- 
tained in a, stoppered bottle. It is a salt of a rich red colour, and ia 
Boluble in water. It ia difiicnlt to ntak? pure oxide of gold. 

161. Chloride of Gold. — Terchloride of gold, commonly known as 
chloride of gold, is the most naeful aalt of the metal, aad its prepara- 
tioD reqairee separate explanation. It is formed aa toUowa i^Iake a 
miztare of either two or three measures of hydrochloric acid, and one 
meaaure of nitrio acid ; warm the mixture, and add pm^ grain gold to 
it as long as it will dissolve ; it evolves gas whiiHt dissolving. When 
it is all diaaolved, slowly evaporate the liqaid until it oryatallizea to a 
dark ruby red mass, or it may be of a yellow colonr, according to the 
proportions of the ingredients. Thia ia terchloride of gold, and con- 
tains one equivalent (196 parts) of gold, and three equivalenta (lOS-fi 
parts) of chlorine; if it is too much evaporated, chlorine gaa will be 
evolved, gold will be aet free and be mixed witli the salt, and will 
precipitate on dissolving the salt in water. To produce the yellow 
chloride, mix together, in a glass or stoneware vessel, 1 part by weight 
of nitric acid, B parts of hydrochloric acid, 1 part of fine gold, and 
1 part of water; cover the vessel with a glaaa diah, make the liqnid 
quite hot, and maintain the heat until the red vapours cease ; if some 
of the gold remain undissolved, add more of the liquid mixture, and treat 
■a before; when thevaponrs cease, remove the glass cover, and replace 
it by folds of blotting paper, and evaporate untU it orystallizes on 
Booling into yellow chloride of gold. The red chloride isformed in the 
Bune manner, except that the liquid mixture should be compoaed of 
I part of nitric, and 2 xiarts of hydrochloric acid, more being added 
tlian is necessary to dissolve all the gold. One onnce of gold will 
dissolve in about 4 ounces of the mixture, and when crystallinod into 
the red mass, will weigh about 1 ounce and 165 grains. 

153. Cyanide of Gold.—" Cyanide of gold is formed by cautiously 
adding a solution of cyanide of potassium in ii parts of water, to a 
norcaal solution (i.e., not containing any fTen acids} of terchloride of 
gold, consisting of 1 part of the chloride and 5 parts of water, until 
a copious yellow precipitate settles down; if more cyanide of potas- 
sium is added, the precipitate becomes dirty yellow, and ia more 
quickly deposited ; a still larger quantity renders it orange yellow. 
It is a crystalline powder, permanent in the air. By ignition it ia 
resolved into gold and cyanogen ga.s; it is not decomposed by sut- 
pboric. hydrochloric, or nitrio acid, nor by aqua regia, unless freshly 
precipitated, and then only alowly. It is not decomposed by anl- 
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pharetted hydrogen; hydrogiilphide of annnoniara diaaolvoB it alowly 



but completely, forniiiig a colourleaa solotioo, from which, by the 
addition of acids, salphide of gold is precipitated. It dissolves in 
aqueous EolationB of animonia. hyposulphite of soda, or alkaline 
cyanides ; but not in water, alcohol, or ether." 

163. " Gold precipitated from a eolation of chloride of gold by 
protOBnlphate of iron, dissolves in a, boiling solution of cyanide of 
potaasiura ; a hot solution of cyanide of potaasiuni will also dissolve 
ordinary metallio gold if air bs present. Both oxide of gold and 
aurate of ammonia dissolve completely in a solution of cyanide of 
pota,sstnm, and form doable cyanide of gold and potassiom. Oyanide 
of gold requires 23 parts of cyanide of potassium dissolved in water 
lo dissolve it. For every I part of gold to be dissolved by the battery 
process, 6 parts of cyanide of potussiom dissolved in from two to four 
times their qaantity of water, at 100° Fah., are required, two electrodes 
of gold being connected with e, auitable battery, and immersed in it 
until the required quantity ot gold is dissolved." — '■ The oryataUiBod 
□yanide of gold and potassium illssolves in 7 parts of cold, and io 
half a part of hot water (Himly) ; in 4 parts of cold and in 0'8 parts 
of hot water (Olassford and Napier). It dissolvea very sparingly in 
atcohol. Its aqneooa solution gilds copper aud silver by simple ita- 
mersion, especially if hot, aud the copper and silver dissolve in it." 

1£4. Qitding ly Imiao'iiion. — The following solutions have been 
used for gilding by the simple immersion, or " waCcr-gilding" pro- 
cess: — 1st. Dissolve 6 troy ounces of griiia gold in 62 avoirdopoiae 
ounces of hot aqaa regia until ve.ponrB cease to be evolved. Deoant 
the clear liquid when oool, dilate it with 4 gallons of distiltsd water, 
add 20 pounds of pnrified bicarbonate of potash, and boil it for two 
hours. The articles to be gilt are immersed in the Uqtiid from a few 
seconds to one minute, according to the kind of metal immersed, and 
the temperature and newness of the liquid ; warmth assisting the 
action, and a new liquid acting more quickly than an old one. 
2nd. For gilding silver articles, dissolve equal parts of bichloride of 
mercury (corrosive sublimate) aad sal-ammoniac in nitrio acid ; add 
pure gold to it. and evaporate the liquid by heat to halt its volume. 
Apply the liquid whilst hot to the surface of the article. 

165. Joseph Steele's patent, dated August 9, IbyS. — Dissolve an 
□once of gold in a mixture of 4 ounces of hydrochloric acid and 8 
ounces of nitric acid, and evaporate the solution to dryness. Fnse 
together 24 ounces of ferrocyanjde of potassium and 12 ounces ot 
carbonate ot potash; when it is neatly cold, dissolve it in 2 or 3 
gallons of pure boiling water, cool and Qlter the solation, then add 
the chloride ot gold, and boil it for & quarter of an hour, 
articles to be coated are connected with a piece of 
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■ize, and immersed m ths liquid, th-e latter being at a temperatilTB 
of 80°or86''Fah. 

166. Gold Solutiimi for the BatleTj). — For the battery prooeea there 
are man; gold solutioas, thoagh bat iew good ones ; — Ist. The bypo- 
Bnlphite of gold luid soda, which is formed by dissolvlug chloride of 
gold in a solution of hyposnlphite of eoda ; it is not considered a good 
liqnid for practical purpoaeB. 2nd. The BnlpMte of gold and potash, 
formerly need by Mr. Woolrich, was made by adding sulphite of 
potash to ivAter, saturating five-sixths of the resaUing liquid with 
oxide of gold, and then adding the other portion of solution to form 
fret sulphite. Brd. The lerohloride of gold disaolTed in water; it is 
a very inferior liquid for practical parposes, because all the common 
metaJa decompose it. 1th. The bromide of gold proposed by Mr. 
Spencer; his solution was made as follows :^" Make a mixture of 
egnal parts of bromine and alcohol, and ol thia mixture take 1 part, 
of acetio acid 1 part, and 4 parts of water containing a few drops of 
snlphuBo acid," The reKultiag liquid is then nearly Batnrated with 
gold by SQspendinj; it in 2 electrodes of gold, and connecting them a 
Buffioient time with a suitable battery ; when nearly satnrateil, add to 
the solntion three times its volume of water containing a few drops of 
■nlpburio acid. 

167. EUcUo-GiMing Liquid. — The best liquid that hfts as yet been 

tried for practical clbutro- gilding ia the double cyanide of ^old and 
potassium dissolved in water. It was iaveutad by Mr. WriBbt, and 
first patented by Elkin-iton; it may be formed either by dissolving 
any salt of gold in u solution of cpanidti of potassium ; or by the 
battery process, by suspending two eiectrodea of gold in a solution 
of cyanide of potassium, and passing a current from a small battery 
until the cathoile receives a proper deposit, the liquid being at about 
100° or 150° Pflh. 

IfiS. Cyanide of Gold fiahitiim h/ Chemical JVoeess.— The cyanide 
oE gold and potaaaiam aolutJiHi is occasionally made by the cbemical 
plan, as follows ; — Form some terohloride of gold (g 151), and dissolve 
it in water ; then either add a cold solution of caustic potaah as long 
as a preaipita.te is produced, filtering and washing the precipitate with 
distilled wutfr ; or digest the diluted chloride solution with magnesia; 
filter, and wash the precipitate with dilute nitric acid and then with 
distilled water ; or add to the chloriile liquid a solntion of carlionate 
of ammonia, until a precipitate ueasee t« be formed ; filter, and wash 
the precipitate with nBtct*. The precipitates produced by potash or 
by magnesia consiat of oxide of gold; whilst those piodTii-.^d by 
ammonia, or ita carbonate, are aurate of amiaOBia (folminate of gold/, 
a very exjiliiaire coia'pounil. The precipitate, after being well washed by 
additions of clean wii.ter. should be added, whilst still 
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wet, to a, solution of oy&nide of potusaiDm, oontaiuiDg the proportion 
of 1 pound of cyanide to 1 gallon of nater. and then about ouc-fiitli 
more of the same solntion ahould be addal to form free oyanide. A. .ii 
THry good proportion of the ingredientH is, 1 onnoe of gold, 1 pound of J 
cyanide of potasBiuin, and 1 gallon of water. The waah-waterB should i 
not be thrown away without Crat being tested for gold, by immersing 
a piece of bright zinc in them, and obaer^iug if it reaeivea a metallic 
film ; if it does, e. aoltition of protDaulphato of iron should be sdderl 
as long aa a precipitate of a greeniah- brown po^rder, nrhich is ntetallia 
gold, is prodaced. If ttis (ails to precipitate the whole of the gold, a 
sheet of bright zinc sbonid be immersed in the liquid, taken out 
occaaionally, and the deposit of gold brushed off by c hard bmah in ; 

water oontaining a little aulphoric acid. The greater the g^nanlity of i 
free acid contained in the original chloride aoltition, and the larger 
Che excebE of potaah, ammonia, or caibonate ol ammonia added. Che 
I greater is the araoont of gold disaolved in the wash-waters. If, when 

I we dissolve the terchloride of gold in water, a yellow powder tenuins 

I nndiaaolved at the bottom of the vessel, it indicates that there is no 

tree acid in the salt, and may be rc-diaaolved by the addition of a 
small quantity of the iiiixCure of nitric and hydrochloric acids with 
applicatiou of heat. 

169, Solution by BuiCenj Procai.—A. good aolation is best maae 
I by the battery process, thus : — Dissolve some cyanide of potaaaium in 

I hot distilled water, in the proportion of from 1 to 2 pounds to the 

I gallon ; nearly fill a small porous cell with the liquid, and immerse it ' 

I oearly to its edge in the aolution ; place a large gold anode in the 

suter liqaid and a small platiuara cathode in the liquid of the porous 
cell, and conneot them with about 3 pairs of Smee'a batteriea — the gold 
anode vrith the platinized silver by 1 wire, and the platinum cathode | 

with the zinc by another, allowing the current to paaa, until, by trana- ' 

fsrring the cathode for a atort time to the outer liquid, it receives a 
good deposit of gold, the solution being maintained at a temperature 
of about loO° Fah. ; the Uquid of the porous cell should then be trans- ' 

ferred to the outer solution and the process stopped. The amount of . 

I gold disaolved is not of material conaequenoe provided the deposit is 

' good, as a aolution may contain from half an ouuce to 4 ounces to 

the gallon and be a good depositing liquid. 
i 160. Oildiitg Solution of M. Ruak. — •' Dissolve 10 parts of cyanide of i 

potassium in 100 [)arta of distilled water; filter it, and add 1 jiart of 
cyanide gold, prepared with care, well washed, and dried out of the 
influence of light; keep the mixture in a closed glass vessel, at the 
temperature of 60° to 70° Fah. for two or threedays.out of the presence , 

of light, with frequent stirring." 

161. 21f. UecqiiereVs Gilding Liquid.^" Diaaolve 1 part of terchloride . 
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of gold and 10 parts of ferrocyanide of potaEsiumin 100 partaot water; 
filtertlieliqaid,to remove the separated cyanide of iron; add 100 parts 
ot B, saturated aolution of ferrocjaoide of potaBsinm, and dilute the 
minture with onae or twice ita volume o£ water. In general the tone 
of the gilding varies according as tho solution is more or less dilute ; 
the colour is most beautiful when tite liquid is most dilute, and most 
free from iron. To make the Burtaoe appear bright it is aufficiant to 
wash the article in water acidulated with sulphuric acid, ruTibing it 
gently with a piece of liaen cloth." 

162. Citding LiquiiU of M. Fizeau.—" Ist. Diasolve 1 part o£ dry 
tJhloride of gold in IM parts of dietillod water ; then add, little by 
little, a solution of carbonate of potash in distilled water until the 
liquid begins to become cloudy ; we may use this liquid immediately. 
And, 2nd, UHtd by M. Lerabonr :^Di8Solve 1 gramme of oliloride of 
gold and i grammes of hyposulphite of soda in 1 litre of distilled 

163. M. LtvoVa SuiiUion for Gilding Silver.—" Diasolvo neutral 
chloride of gold in water, then add a solution ol snlphocyauide of 
potassium, until the precipitate first formed is re-dissolved. The 
liquid will retain a slightly acid reaction ; if it has lost it, it must 
be renewed by adding a few drops of hydrochloric aoid." 

1S4. By M. Be Briatit. — "Diseolye S4 grammes of gold in aqua 
regia, and evaporate the solution until it becomes neutral chloride of 
gold i then dissolve the chloride in 4 kilogrammes of warm water, and 
add to it 200 grammes of commercial magnesia, carefully sifted. The 
((old is precipitated in union with the magnesia ; filter and wash with 
pure water; digest the precipitate in 40 parts of water mixed with 
3 parte of nitric acid to remove the magnesia ; then wash the oxide of 
gold remaining with water, until the wash-water exhibits no aoid 
reaction. Next dissolve 400 f^rammea of ferroayanide of potassium, 
and 100 gramsies of caustic piitasb in 4 litres of water, add the oxide 
of gold, and boil the solution about 20 minntes. When the gold is 
dissolved there remains a small amount of iron precipitated, which 
may be removed by filtration, and the liquid, of a fine gold-yellow 
colour, is ready (or use. It may be used either hot or oold." 

165. Formulat of if. J. L. — " 1st. Take 31 grammes and 25 centi- 
grammes of oxide o( gold, fi hectogrammes of cyanide of potassium, 
und 4 litres of water, and boil them together half-an-hour. The 
resulting aolution mnsi be worked hot, and may be used to gild copper, 
brass, and silver. 2nd. Dissolve 10 parts of ferrocyanide of potassium 
and 1 part of dry torchloride of gold in 100 parts of water, oxide of 
iron will be precipitated. Boil the solution 2 or 3 hours, in a porcelain 
lel, until a precipitate coUacta at the bottom and the 
upernatant liquid is transparent and ot a canary-yellow colour ; filter 
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the solution, and (iilnte it with 3 timoa ita volome of water." — One 
hectogramme eqnals 3J oxmces. A litre eqaalB 1| pints 

1G6. A process or bniuch ol trade termed "solid depositing" 
liaa gradually extended itaelf. It consists in making solid articles 
ot gold and silver, b; eleutro-deposition, npon gutta-peroha or 
other moolds — such, lor inatonce, as watch and clouk faces, ontE^ 
mental snufE boxes, and other articles elaborately oboBed or engraved, 
or which have very complex or nndercvit oriiamentB opoa them; 
the expeose of mnltiplying theae by the electro- proccaa bsing lesa than 
b; the ordinary meaua. Mr. Alexander Parkes, early in the biatory 
of deposition, patented a solution, for depositing aolid articlea in gold; 
it is formed tiins : — Dlsaoivs 1 ounoe of pare gold is aqua regi», and 
evaporate the eottition to dryneaB ; then add 2 gallons of water and 
16 oanues of cyanide of potaEaiuiEi, and work the resulting liquid at a 
temperature of about 120° or 130° Fali. 

167. Salts of Platlnura.— The only common salt of platinum ia the 
biohlorido ; it ia formed by adding pieces of platinnm-foil to hot aquu, 
regia as long as gaa is evolved from them ; the solution, which is then 
of a deep red colour, should ba evaporated nearly to dryness and left 

188. Platinum Soliitimu.—^For platiniaing Bilver by aimplo immer- 

BioD procees, we may uhs b, eolation cousisting of bichloride of plati- 
num, dissolved in water oontainiog one-fourth its volume of nitrio 
acid, or we may nse simply a very hot aqueous solution of t^e 
bichloride alone. Nearly all metals dccompoac the bichloride aolntion, 
and become coated with platinum in it by Biinple immersion. For 
the battery prooeaa we may nae aolutions of tfie iodide, bromide or 
bichloride, or of the double chloride of platinum and sodium. The 
solution of the donbla chloride of platinum and sodium is made by 
dissolving 1 equivalent (268- parts) of bichloride of platinum and 1 
equivalent (58'5 ports) of common salt, in water ; it rcquiroa a small 
anode of platinum and a very weak battery to obtain a reguline 
depoeit. A solution for depoaiting reguline platinum may also be 
made by dissolving bichloride of platinum and common salt in a. 
BOlntion of oaustia potash. 

100. Palladium Sobitioia. — Aaolutionof double cyanide of palladium 
and potasainm may be uaed for depositing palladium. It may be made 
by chemical means, by dissolving palladium in nitric acid, precipitat- 
ing the liquid by a solution of cyanide of potassiom, washing the 
precipitate, and dissolving it in a solution of cyanide of potassium to 
satnration, and then adding a httle free cyanide ; or it may be easily 
made by the battery process, by passing a current through a large 
palladium anode in a Bolutiou of cyanide of potassium, until a clean 
loath cBfJiode receives a good dejiosit. This is an excellent solution 



for depositing coherent metal; it acts apon the anode with n 
BDBTgy, conducts freely, and deposits plenty of regnline metal of easy 
management; a. thin deposit of palladium obtained in this solntion 
has been used for filing Dagnerreot^pe pictares. instead of gold, and 
is said to give them a, finer tone. 

170. SeUcled Practical Liquids. — Having ennmorated all the soln- 
tione which have boon nscd tor dopasiting different metals, and des- 
cribed the modes of forming them, -we now offer a selection of those 
which are in most general ose in the trd.de : — 

lat. Fur depositing zine, which is not very often attempted, the 
sulphate solution (g 105) may be osecl. 

3nd. Por depositing copper, by the battery process, npon all 
ordinary metals except zinc, tin, lead, iron, and ateel, and npou 
gntta-peroha, ws^, and elastic monlds, after having been made con- 
dootible, the sulphate eolation (g 120) is in general use ; but for surfaces 
ol tin, lead, iron, or steel, the solution of cyanide of copper and cyanide 
of potassium (§130) is employed. 

3rd. For the deposition of brass upon all ordinary nietrkls, the 
patented solution of Messrs. Morris a:nd Johnson {^ 127) is very success- 
fully used ; the solutions of Brunei {g 126) and Balzode (§ 125) are also 
ia practical ase ; and, in the United Btates of America, a solntion 
TOTy similur to that of Measra. Morris and Co. is employed, 

4th. For depositing silver upon all common metals, the solution of 
doable cyanide of silver and potassium {§ 136} ia aluiost oniversaiJj 
lued ; the only exception is where the double sulphite of silver and 
potash is used, but only to a small estent, the dynamo-eleotrio 
niftohiiie being generally employed with it. 

fith. For gilding all ordinary metals, the only liquid extensively 
employed is the cyanide of gold and potassium {§ 167 and g 15S), the 
Kzcaptions being a few minor modifications of it in private use. 

6th. For platinizing, the only liquid of practical value is the 
biohloride(gl07-) 

7tb. For solid deposition of silver and gold, the patented solutiona 
of Mr. Alexander Farkes (g 138 and g 166) may be employed. 

171. Cleaning Metals for Becelvlne a Deposit, — The electro- depositor 
Imving acquired a general knowledge of depositing liquids, as well as 
of the requisite manipulation, and having made the several solutions 
neoessary for his ordinary use, will require to prepare his articles for 
receiving a deposit. All metallic articles must be perfectly cleaned 
«Dd otherwise prepared before they are fit to receive a coating ; this 
preparation differs, of oourse, according to the nature of the article, 
vhether the coating is required to adhere firmly to the surface, or U 
merely used as a matrix from vhioh the deposited metal i« to be 
removed. 
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173. Cntl Iran, and Zinc. — Artiolaa formed of zino, wronght iron, 
a first immereed a few minuter in a boiling 

solution of canatic potash to remove an; grease, tar, or oil}' Bubtanca 
which nuiy be npon them ; they are then washed in water, and 
those of wronght or cast iron are immersed in " piokling liquid " (g 82) 
nntil the acid aots rather freely upon them ; rongh cast iron requires 
a stronger liquid than smooth wronglit iron. After being again cashed 
in water, they are "Boratched" at the brash (§ SO), and if they are very 
coarse caBtlngH or rusty articles, t^hey may reqnire several soakinga in 
the dilate acid, and scoarings with Band and a hard brash, ftnd even 
filing to make them qaite clean. 

178. Capper, Brasi, and German Sileer. — Those formed of oopper, 
brass, or German silver should bs boiled in the potash liquid, washed 
in water, dipped into ni trio acid or into "dipping liquid" (§ S2),andt]iea 
washed in water, and dipped into a solution of nitrate or oyanide of 
mercury (g 84) before immeraiog tlism in the silvering solution. 

174. Bometimes, in order to assist in cleaning the articles, they are 
suspended for a short time in the depositing liquid, in contact with 
the positive pole of tho battery, nuless they are very iavl, or the solu- 
tion is too valuable; this dissolveB the stirface, and loosens the 
impurities. In every case they should be well rinsed with water to 
remove the adheiing acid, before dipping them into the mercnry 
solution, or immersing them in the depositing vat. All objects whioh 
are to have a definite weight of metal deposited upon them are 
weighed, and their weight noted down after they have been cleaned 
ready for " quioking " with the mercnry. 

175. Wiring Articles, — The articles, having been cleaned thoroughly, 
have wires of copper attached to them, to Buspend them by when in 
the vat. The wires differ in sizo with different articles: with small 
ones, such as spoons, knives, forks, enuffcrs, teapots, jugs, and snch 
articles, size No. 20 or 22 of the Birmingham brass wire gauge, and 
about 18 or 20 inches long, are need. Very large articles, such aa 
&re-irons, fenders, hat-stands, and articles of ornamental iron-work, 
are suspended in the solution by strong oopper or brass hooks; in 
some cases where a very Skife connection is required, the wires are 
^ioldered to the articles. 

176. Frt'jiariiig Articles for Adhesive DepaBila.~V,'a hiive already 
explained how necessary it is that aU articles intended for the 
depositing vat should be cleaned in the most perfect manner possibla 
before being immeraad in the depositing liquid, otherwise the deposit 
will not adhere, and in conaequance of the perfect degree of cleanli- 
uess required, the cleaning oftem involves more trouble than the 
depositing. Articles of copper, brass, or German silver, which are to 
« eilver-plated, should be dipped into one of the solnt 



fiSi),mi3 theleait film olraerciay pat apOD them; otherwise the deposit 
will either not atlliece at all or will "be nnaonnd. They should also be 
plnnged while Btill wet from the alioTe proeesses into the depositing 
vat. The pnicticoil minutiiB of preparing; the anrfaces of different 
metals for receiving adliosive deposits of oth.er metals varies in 
almost every manafactory, and mtich informalion 
developed upon this point ; for want of this luiowledge 
akilfnl operators sometimes fail in producing perfect 
eapecially upon zinc, oast iron, steel, and Britannia metal. 

177. Prepariiij) Metals for Non-adliesiKt Depoiits. — Metal artiolsH 
which are to receive non-adhesive deposits, such as medallions, of 
wbidh oopies are desired in copper, skotild be allowed to remain a 
BTjfQoient time to slightly oxidise after being cleaned, before being 
plnnged in the depositing vat, ttaa oxide preventing odbesion. In 
Bome cases tiiey are rabbed over with cotton wool elightl; moistened 
with a very weak solution of bee's was dissolved in oamphine in the 
proportion of a piece of wax of the size of a small pea in a qaartor of 
a pint o£ tbe spirit ; others use a little sweet oil, which is immediately 
wiped ofi with a fresh piece of dry cotton wool. 

178. •' Stopping-qff " to Prei-ertt Deposition. — Many articles whioh 
are to receive deposits reqaire ta have portions of their surfaoa 
" stopped- off," to prevent the deposit spreading over those partg ; Jor 
instance, in taking a. copy of one side of a metal medallion, the 
opposite Bide must be coated with some kind of varnish, wax. at fat, to 
prevent deposition ; or in gilding the inside of a cream jug wbioh has 
been silvered on the outside, vamisb must be applied all round thfl 
edge on the outside for the same reason. For gilding and other hot 
eolntions, oopal varnish is generally nssd ; bnt for oold liquids and 
common work, an ordinary varnish, suoh as engravers use for a 
similar parpose, will do very well. In the absence o£ other substances 
a coating of sealing-wax dissolved in naphtha will answer every 
purpose. Tlie coating of varnish must he allowed to dry. 

179. Mouldli^c and Copying- Works of Art— The electro-de[X)sitor 
who includes in bis business tbe multiplication of works of art, as 
well as tbe simple plating of metal articles, will require a knowledge 
of the art of moulding. To copy both sides of a metallic coin or 
medal in the mixture of gntta-percha and marine glne recommended 
(gSG), take a strip of thin sheet copper, brass, or tinned iron, about an 
inch wide, wind it closely round tbe edge of the medal, and solder 
ita endfl tc^etber ; wipe the medal and take two balls of the composi- 
tion, qnite bot and soft, and press them simoltaneoasly against the 
faces of tbe medal, working the material from the centre towards 
the eircumfereiicu to oiclude bnbbleis of air; place two thick plates ol 
cold metal, one on each side, and gra.lually sf:va\i up tbe whole in a vice. 
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or Borew press, gontly at firet, but taoreaaing the preasnra to a high 
degree as the materials hecome hard. When it is quite cold, which 
will be in aboat two hoars, the copies may bo easily removed from the 
original, by iaaertiog the end of a t^imlet in their backs, and drawing 
them ont; they are easily removed, becausi> the oomposition slightly 
eonCracts in cooling. They will present fine impressions of the original, 
and be perfectly free from air babbles if the operation haa been care- 
fnlly performed. For largo articles a powerful press is employed. 

180. Elasiic Moulding.— It the medalUou is nrdcrcat, it must be 
copied in " elastic moulding" (JSC), thna: — Encircle its edge by a strip 
of stont paper, and pour the mixture, quite hot, and of the consistency 
of treacle, upon its surfa^ie to the depth of half an inch or more, 
according to the size of tbe medal and the depth of its hollow parts, 
brushing its surface beneath tha liquid with a brush having fine and 
long hairs, to remove air bubbles. Allow the mixture to remain until 
it is quite firm, which will be from a to 24 hours, according to its 
bulk ; take off the paper, and remove the mould very gently, uarefnlly 
■tretohing and drawing it at the Ba,me time in the direction of the over- 
hanging parts, to prevent injury. Should the object to he copied be a 
hollow metallic bust, proceed as follows : — Partly fill it with sand, to 
make it heavy and thus prevent its rising in the liquid, and cover its 
opening by sticking a piaoe of millboiLrd strongly over it; then suspend 
the bust in tbe centre of a cylin.drical and taper vessel, a few inches 
deeper and wider than itself, and pour the melted composition in 
steadily, until it is a few inches above tbe top of the bead, tapping 
the bust, and inoliniug tbe outer vessel, to facilitate the escape of air 
bubbles. When the oomposition is quite firm, which it will be in 
■boat 20 hours, it may easily be removed from the vessel by shaking, 
if the vessel has been previously well oiled ; the mould may then be 
removed from the bust by previously marking on its lower end the 
position of the face, passing a knife carefully up the back of the boat 
nearly to tbe crown of the head, and opening the elastic mould with 
ytjur hands, whilst a second person lifts out the bust. If the original 
bust is oompoBed of plaster, it must be previously saturated with oil 
to prevent the melted compositiiiu adhering to it. 

ISl. Benderlng: Moulds Condnctlble. — To render the sorfaces of 
non-metallic moulds conductible, there are two methods in use. — 1st. 
To cover them with a thin lilm of blacklead by brushing ; and — 2nd. 
7o coat them with a minute film of gold or silver by chemicnl meana. 
Tbe first of these methods is generally used for moulds composed of 
jntta-peroha, wax, resinous oomposition, or plaster saturated with 
oil. where the parts are not much miderotit ; and the seoond for i 
monlds, because the blaoklead cannot be readily applied to all 
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1B2. BlackUinlinij, — To apply b1a:aklead to a small ronud or ova.t 
modalliOD formed of gutta -porch u, or of ^ttu-percha unJ marine glue, 
firet iuaert the sharp end of a piece of oopper wire, size No. 16 or 18. 
and aboot 13 or 20 inches long, into the edge of the mould near its 
face, tlien pasH a piece of fine copper wire, size No. 28 or 30. once 
tightly round the edge of the mould close to its face, securing its euds 
to the other wire Fix a strip of p&per about 1 inch wide, by means 
of Bealing-WB2, tightly round the edge, to prevent the blacklBii,d pDBB- 
ing anywhere except upon the face of the mouid. Apply the blacli.- 
lead by a soft camel's hair brufih with a large and thick body of short 
hture, breathing upon the face of tke mould oouuBiousIly to facilitate 
the adhesion of the blacklead ; and whea the medal ia perfectly blaok 
and bright, blow off the auperfluoua powder, and remove the paper; 
it is then ready for reeeiving a deposit, the whole operation oocapyinc 
kbout 10 or IS minutes with a, small object the first time of pteparinj; 
it, but less in subsequent operations. If the mould is very large, and 
espeoially it it bus deep holluws iu its surfaoe, it will require, after 
being blackleaded, to have several short and fiuo oopper "guidini: 
wires" carefully attached to the main wire, and their (rue ends 
slightly inserted in the face of tbe mould iu the most hollow and 
distant parts, or to lie in contact with them, in order to cause tbt.' 
deposit to commenoe and spread there aa weU m round the edge. If 
this precaution is not taken, the deposit will be much thinner over 
those parts than upon the nearer and more prominent flacuH, and 
Bometimes will not spread over them at all. 

183. Preparinn tlie Surfaees of Elantie Moaldn. — Elaatio moolda are 
treated in a different manner. 1st. A stout connecting wire is 
attached, then a number of line copper " guiding wires " are twisted 
round It, and their free ends slightly inserted in the face of the mould 
in all the hollow and distant parts ) the mould is then either dipped 
into the phosphorus solution (§ 87), or its surface is covered with that 
liquid ; and. after it has been drained clean, it is allowed to remaio 
until perfectly dry ; the silver solution (g 87} is nest applied to it, in 
like manner, for several minutes, until it appears black, with a 
metallic lustre like black china ; it is then gently rinsed with distilled 
water, and tlie gold solution (g 87} applied in the same way, which gives 
it a yellowish aspect ; after another rinsing in distilled water it is 
ready for receiving a deposit. Elastic moulds ace ahio prepared by 
brosbing them over with the finest quality of copper bronze — that 
used for printing purpoaes is suitable. 

1S4, Moulding by Pho»phonu Componition. — Some objeote which are 
uot much undercut are moulded in the phosphorus composition (g 87} ; 
and, in soma cases, where they ara undercut, as well as busts, they 
lire first copied in tlie elastic moulding, and tbe elastic mould re- 
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copiad in thia matariftl, the coraposition being bnt barely melted that 
it may not diasolve the elaatic monlding. In either case, instead o£ 
immoraing the mould into the pLiosphonis, silver, and gold aolatione, 
it IB only immersed in the two latter, the phoBphoros contained in the 
mould itself serving to reduce the silver and gold. 

185. Preparing Swfai^s of Class for Deposition. — Glass surfaccB may 
be prepared for reo^iving a dextosit by means of the phosphoniB, 
sUver and gold solutionB, bnt not very Batisfactorily. A better 
m^Lhod, which has beeu tried, is by ailvering them by Drayton's 
patent procesa, thua : — Take 1 part, by weight, of liyaid ftmmocia, 
3 porta of oicohol, 2 parts of nitrata of silver, and 3 parts of distilled 
woter; dissolve the fiilvor salt in the water, add the liquid ammonia 
aud the alcohol, Bbake the mixture, allow it to remain nntil qoita 
clear, and poor oS tlie clear part into the glass vessel to be silvered, 
which must he perfectly clean ; then add to it 1 quarter of a part of 
grape-sugar dissolved in weak spirits of wine, mis the liquid, and beat 
it to about 150° or 160° Fah. for itbont 20 or 30 miuntes, ajid the glass 
vessel (rill become Bilvered ; the liquid may then be removed, the vessel 
gently rinsed with distilled water, a connection formed by means of a 
fine copper wire with the film of silver and the battery, the vessel 
filled with B. suitable depositing liquid, an anode immersed, and the 
Bnrface deposited upon iu the ordinary way. If the process has been 
SDBcessfully performed, Ihedeposit, whether of silver or copper, apteada 
instantaneously over the Bilvered surface. The only way by wltich 
we have been able to form an n,dhesive deposit npoii glass or porce- 
lain has been to send the article to a glass and porcelain gilder, and 
have gold leaf bornt into their aurfaoes, and then depositing upon 
them in the usual manner. 

186. Immeriionof Artidei in the Vat. — The operator having prepared 
the various articles and moulds, will immerse them in the depositing 
solution, having previously immersed the anode and completed all the 
connections, taking care always to connect the article to receive the 
deposit with the zinc of the battery, and the metal to be dissolved 
with the copper or bHv cr, 

1ST. Begulatlon of Battery Fewer.— In depositing all metals, it 
is of the greatest importance that tbe battery power be properly 
regulated, and this may be done in a variety of ways, which col- 
lectively consist, either in making alterations in the battery, in the 
depositing vessel, or in the wires connecting them. The E.M.F. of 
the current is increased by increasing the number of alternations of 
the battery plates; by increasing the conductibility of the battery 
liquid or depositing solution, which may be effected either by the 
addition of free acid to the battery or more salt to the solution ; oi 
hy increasing the thickness and decreasing the length of the oon- 
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necting wires. The quimtitij or itreniilh at tho ciiiTGnt is inoreased by 
immecBing aJl tha battery plates deeper in their liqaida, also by thoeo 
means whioh inoreaao tha E.M.F. Tha " sti-ength " nf aurrent from 
k dynamo- alsotrio machine is aBiially regulated by interpoBing a 
greater or Ip'-s lenuUi of soffieieutly thin wire of iron, German, silver, 
or platimim. in the circuit. Both the E.M.F. and the quantity mai^ 
be deereaf^d by separating the electrodea ia the depositing vessel 
farther asnndei, or by interposing a loni; and fine iron wire in the 
oironit. Tha mast asaal means adopted of increasing the electro- 
motive force of the current is to add to the nnmher of tha ba,tterieB ; 
and for intreasing the qKaiititij, to immarae all the battery plates 
deeper in their liqoids, Sometimca, to increase the power, tha 
temperature of the liquid may bo i-iised, or the article placed nearer 
the dissolving metal; and, when a smaller quantity of current is 
reqaired thsin the ordinary batteries can conveniently supply, a piece 
of sheet metal may be hong in the depositing solution with tha 
receiving article, to receive a portion of the deposit, and thm transfer 
some of the power from the article to itaelf. 

Since the pnblioation of the first edition of this book, current 
electdoity on a large scale has been produced by means of dynamo- 
electrio machines, nt a very much lower coat tlian by voltaio 
faattariea, and the cnrreDta from those machines have been exten- 
sively applied in purifying omde copper. Mr. James Blkington 
was tbe lirat person who did tbis commercially, and patented 
tha process. The process is now worked on a large scale by tha 
North Dutcb Refining Company at Hamburg ; Messrs. Oeachgar 
and Mesdacb, at Biache ; M. Hilarion Bonx, at Marseilles ; The 
Okec Foundry Company, in Snxony; Messrs. Lyon-AUemand, at 
Paris ; Messrs. Elliott and Company, at Swansea ; M. Andre, at 
Frankfort-on -the- Main e ; at the Jlinca of Manafield, in Prassia; 
and at other places. Tha first of these companies ia said to 
deposit 2^ tons daily by the aid of those machines. In this 
process, largo thick alabs of the crude reduced metal are nsed as 
anodes placed vertically in large vats containing an acidified solu- 
tion of blue vitriol, and the deposit is received upon thin sheets of 
pure copper placed oppoaita them as cathodes ia the vats. Nearly 
all the impurities, being insoluble in the liquid, fall from tbe 
anodes, and settle in the state of mud at the bottom. Tha sediment 
consists of a large number of substances, and includes gold and 
silver, which aro aubflequently Extracted. The soluble impurities, con- 
sisting cbiefiy of iron, are not deposited, and when they have largely 
oocamnlatcd they arc separated by chemical means, and tha vats 
tsharged with fresh solution. 

188. Khelro-molice Force and Qi^.tiility of the Current.— Tha E.M.P. 
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of the owrent obtained from a aeriea of botteties deponda npon Hip 
jutmber of allernations at tho metulB, whiUt its gunnlif 1/ depeuds npon the 
antotml ofiminer»ed. lurface in ;aub alternation., nndit makes no differenoe 
whether that amoant of surface is in one battery plate or in many or 
in one or many containing vessels. A series of aimiiar batteries may 
be BO oonnoeied together by wiraa or other conductors, as to giva 




either E.M.F. or quantity of cnrrent. provided they have screws 
or other convonicncea for attaching the wires to the plates. For 
instance — lat, if we have i pairs of plates, in 4 separate cells, and 
connect them alternately, thna fFig. 39), zinc, silver— zinc, silver- 
zinc, silver — zinc, Bilver, by wires from the terminal plates, wo 
obtain a current possessing the E.M.F., of i pairs, nnd the qnantity 




of 1 ; but if, 2nd, they are connected, all the zincs by 1 wire, and all 
the silvers by another wire (Fig. 33), with 1 portion of each wire left 
convenient for making connections, we obtain a current posBessing 
the quantity of 4 pairs, and the E.M.F. <i( 1 ; and, 3rd, if they are 
arranged in 2 series or rows, 2 p.airs in each, each seriea being con- 
nected alternate fashion, the end silvers of eaoh row faciuij one yiay 



and oonneoted by 1 wire, and Che terminal zinc 
way and connected by another wire, and these w 
ueotion with the vat (Pig. 3i), we obtain a c 



B quantity of 2. By c 




B.M.F. of 2 pairs and 1 
□ectioD Jibii tiieie, any 
QQinber of batteries, 
provided thoy ure 
similar in kind, 
charged alike, and 
have suitable conneet- 
ing acrewE attached 
may be connected 
together ao aa to give 
liny deeired quantity 
or E.M.F. of cnrrent 
within the limits of 
their power; tbne a 
battery of 100 pane 



the E.m.F. of 100 pai;s, end the iiuantity of 1; the quantity of 100, 

and ths E.M.F. of 1 ; the E.M.P. of 50, imJ tha quantity of SO; or 
any intermediate decree of each. 

189. Eagulatlng: Uie (JnanUty of Depodted Metal ^Tha quantity 
of metal dissolved and deposited in the vat is indirect proportion to 
the quantity of zinc dissolved and acid consumed in eacli alternation 
of the battery. With a, perfect depositiog liquid, good battery arrangs- 
mants, and pure materials, for every eqoivalent of zinc dissolved in 
each alternation of the battery an equivalent of metal is diasolved on one 
aide, and an equivalent set free on the other, in the depoaiting vesael. 
For inatanoe, for ovory equivalent (C5- parts) of zinc so disaolved, and 
'J3- parts, or 1 aqoivalent of oil of vitriol consnmed in the battery, an 
equivalent (UaS parts) of copper ia deposited iu the anlphate of copper 
solatiOQ, or an equivalent (316- parts) of silver in the oyanida silver 
plating liquid, and similar quantities of copper or silver dissolved at 
the anode. But in practical working the mtiterials are rarely or ever 
pure, or the arrangements perfect ; the zinc nearly always contains a 
small proportion of other substances, the mercury contains tin or lead, 
and the sulphuric acid contains a little nitric acid. The acid liquid 
of the battery is often too strong ; mach acid liquid ia frequently 
wasted, being thrown avtay before it is completely oihauEi ad. Thezino 
plates have not been kept amalgamated, or the silver well platinized, 

the pUtea have been Entered to remain too long ia tbo liquid when 
The metal ui the anodu also is frequently impure ; ( 




ally some ol the depnsit in allowed to rediseolvQ, in consequence ol the 
battery power becoming low. and from not Bttrring the liquid; ia some 
Bolntiona, a part of the battery strength is expended in. eyolving gas 
at the cathode i nad, finally, the repeated operation of "Bcratohing" 
removes same of the deposit. Allowing for all these and other nnavoid- 
able Eoarces of loss in practical working, about 1 pound only of copper 
can ba deposited In the ordinary sulphate solution, by the oon sumption 
of from lit to ^i ponnds of zinc and an equivalent quantity of acid, in 
each alternation of the battery. To incrcaBE the qnantity of metal 
deposited in a given period of time, the battery plates sbould be sunk 
deeper in tbeir liquids, and the resistance in the circuit diminished. 

190. Regulation of the Quality of the Deposit— The quality of the 
deposited metal, i.e., its degree of oobssion, hardness, flexibility, &o., 
depends upon the strength of the current. As a general rule, the 
greater the E.M.P. and the smaller the quantity of the current, the 
harder and brighter is the deposited metal ; and the greater the 
qnantity and the smaller the B.M.F., the less cohorcut and the softer 
it is. To obtain a very hard, bright, and crystalline deposit, we should 
use a current of small quantity and high E.M.F. ; and to obtain a soft 
black powder deposit, we should employ largi? qnantity and low E.M.F. ; 
the combination of moderate quantity and moderate E.M.F. produces 
a, coherent reguline depoBib, posaesaing the ordinary churacteristics 
of the particular metal. These results can only be obtained with a 
good depositing liquid, and with metals, such as copper, silver, yold, 
&c., which are known to deposit in a tough regnliue state, and not 
with those — such as bismuth or antimony, crystalline metals — which 
are not known to deposit in that state. 

mi. If we are producing a reguUne coating, with a 1-pair battery, 
m a good depositing liquid, witb electrodes of the same size aa the 
immecBCd portion of the battery plates, and it is wished to change the 
deposit to a soft black powder, the plates of the battery must be 
immersed very ranch deeper in the liquid, and a very much larger 
dissolving plate used in the vat ; and if we wish to change the deposit 
to a crystalline one, several mora pairs of batteries should be pat on, 
conneot them scries fashion, immecse the plates an exceedingly small 
depth in their liquids, and use a very small anode. These results 
have a direct reference to the size of the reoeiving surface ; for if, with 
any given battery and anode, we are producing a black powder deposit 
upon a very small article, a lar.ger article would receive a regnline 
deposit, and a much larger one would receive u deposit bordering 
upon crystalline. Thus it will be perceived that the black powder 
deposit is a result of too rapid aotion, and the crystallinB one of very 

192. Spread of Deposit. — If we wish to make a metal spresid rapidly 



OTM a, metal of inferior aondaotibility, Hnah as a loug iron rod, we 
mnst use a oDrreut - ! high E.M.F. and rather amall quantity ; this 
will drive it over the sarfaca without causing it to become soft or noa- 
coheient. The actiati of Buob a, current appears to aonsiet in 
conferring upon the pirticlBo a kind d£ polarity, a power of grouping 
themBBlvea into separate warty uodulea or ofystala. each of wbich, as 
it bBcomea larger, appears to powerfully repul its iieighboor, and tbua 
OftOEeB the metal to spread rapidly; when, this action la continued to a 
oooBiderable tbickneBS of deposit, especially in oold weather, tlie 
metal ia eiceadingly bard and easily broken into a nuniber of diatinot 
grains or nodulea, which are in the form of warty lumps with rounded 
edges when the action ban been rather too qaick, or Ibe liquid not 
etiEBaiently cold, and composed of more or leaa perfect crystals, with 
edgea aometimea beautifully defined, when the uotion has been very 
Blow, and the liquid very cold andnDdiaturbad. With the E.M.F. of 
100 pairs of Smee batteriea, acting for a long period of time in cold 
weather, and the quantity of the current kept down to the lowest 
possible defiree, we have seen a tough denoait of zinc spread over several 
Bqnftre incboa of clean gutta-peroha ; and in depositing copper with a 
enrrent oE rather high E.M.F. and small quantity, upon blackleaded 
gutta-percha meilalliona, we have repeatedly observed, that) where 
there was a auuk boundary line nesir the edge, the depoait reauilned 

quite thin, aa if powerfully repelled , whilst on each, aide of the line it 
was very thick, and on the outside edge, accumulated in large warty 
maaaes, bard and distinctly separate, and containing as moeh metal 
as the whole of the medallion besidea. 

193. Hitna«:emenl of Batteries. — Tlie most suitable strength of liquid 
for filling the battery cells consists of 1 measure of sulphuric acid and 
about 20 measures of water ; a stronger liquid may be used, even to 1 
part of acid to XO or 12 parts of water, but then the zinc plates re 
quire constant watching and frequent amalgamating, to prevent waste. 
If the acid liquid is very strong and the electric action energetic, thi' 
zincplatea will require to be examined everyday, to aae that there ia nu 
local action, i.«., chemical action in particniar places ; and when gas in 
found to be freely rising from them, aa well as from the silver or 
copper, or when any dull patches appear where the acid has acted too 
strongly upon them, they should be taken out and amalgamated. 
Tliey should be frequently amalgamated when new, and afterwards, if 
much worked, they ahoold be amalgamated every few days ; when 
they become old they should ha rarely amalgaiiLated, be>oanse it 
very much weakens the power. Wben they become so thin as to fall 
to pieces on handling, new ones ahould be eubatituted, and the old 
ones ahould either be melted at as low a degree of heat as possible, to 
prevent loss of mercury, and oaat into rods for Dauiell's batteries, or 
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be broken np, pnt in an iron retorl, and the meruury distilled from 
them at a strong red heat into ci vessel of water. 

1!)4. The zino plates should be taken out oi the liqnid every 
evening, nnless deposition is required to continne all night. After 
the battery has been at work a, few days, a little more acid ahonld be 
added, and the liquid stirred ; and this shoold be done as often as the 
power geta low, until at length the liquid beoomee thick and nearly 
Httnrated with zino salt, and the salt crystallizes about the edges of 
the cells; it is then time to throw it away and pnt fresh, or it may be 
filtered, evaporated, and nrytaUizod, and the resulting salt (snlphate 
of zino) preserved for depositing purpoaea. If any of the aiiver or 
copper plates of the batteries become covered vrith a deposit of ainc 
whilst working, it shows that all the acid in that Hell is exliansted, and 
that more ahonld be added, or fresh liquid put in. This only happens 
in a Smee's battery, or in the old ziuo and copper battery. The deposit 
of xiao may be easily and qnieklv removed by the addition of acid to 
that ceil, by a fresh liquid, or by immersing the coated plate in dilute 
Bolphnric acid aa long as gas is evolved from it. 

105. If copper plateaarensedin the batteriaa, they should be heated 
red hot aU over every week or ten days, and qnencbed in wat«r, and 
then dipped in " dipping liqnid" (g 6S], or in nitric acid ; and if platinized 
silver plates are used, they should be re-platinized as often as they 
become light in colour, or their power becomes tow, whioh will happen 
oncein2oE3raontba with constant working. The re-platinizing greatly 
increases the power of the battory. Great care mnat be taken that 
the ziuo plates never loach the silver or copper onaa when wet, othar- 
ivlsetha maronry will get apon the latter, and much weaken the battery 
power; and with the silver plates canae them to drop to pieces if they 
are very thin. 

196. GeneralltiilfgforWorkinfr Solutions.— In vioTking any deposit- 
ing liquid — Ist, avoid doing anything which will alter the chemical 
oompoaJtiou of the liquid, or oven the proportions of ita ingredients, 
except the water — that may be altered in proportion in moat liqnids 
without muoh inconvenience; 2n.d, adapt your electric power to the 
liquid, rather than the liquid to the power, and regulate the deposit 
rather by alterations in the battery than by alterations in the deposit- 
ing vessel, except as regards the distances of the electrodes or the 
temperatnre of the liquid — these may be altered with safely, and some- 
times with convenience ; and, 3rd, as a general rule, let your dissolving 
metal expose a larger immersed s urf ace than the receiving article. 

197. Fonitiim of ArticUi and Dissolving Plalei.—The best practical 
position for the dissolving plate 13 the vertical, the diSBolving plate and 
the receiving article being suspended in the liqnid facing each other, 
tJielatter being rather the lowest of the two, and both wholly immersed. 



The borizontal position, with the Jis'talving metal above, ulthuu^h the 
most philtaipbiCBl arrange meat, doeenot succeed in practical woiliiiig, 
because the metal used for diaaolvitig is never quite pure (with copper, 
^q)eciallyj, and the imparities from it fall upon the aurftice of the 
reoeinng article beneuth, and make it roogb ; in addition to this, the 
position o{ the article prevents om^ being able to examine it easily or 
remove it conveniently. It the article to be ooatod bos a very irregular 
outline, either the dissolving plate ahouM bebentaomewbattoitsform, 
eo that the two may he nearly equi-distant at all parts ; or the article 
Bhonldbe often ahifted in its position, so as to prodnce a nearly uniform 
thickness of deposit all over. The nearer the receiving article is to the 
dieBOlving plate, the more rapid ia the deposit, and a, la,rge body of 
liquid deposits more rapidly and moce evenly than a small one ; large 
conneotiug wires ore more favourable to quick deposits than email 
ones. The greatest thickness of de|>osit always takes place npon the 
most prominent places, i.e., npon those parts nearest the dissolving 

198. Motion of Ike Article! in Vat. — In some solutions — for instance, 
the double sulphite of silver and potash — if the current ia too strong 
to prodnce a good deposit, motion of the articles will prevent thf 
deposit becoming bad. In some plating astablishments, the articled 

in the vatB are kept in conatftot motion, gently Hwinging to and fro, 
the metal frame upon which they are suspended having i small wheels 
nmning uxion i small inclined planea fixed upon the edges of the vat, 
and kept in constant motion by steam or other available power. 

199. Temperature of So iuliora.— Several solutions, such as the 
oyauide of copper and potassium, the cyanide of gold and potassium, 
Ao., require to be kept hot, in order to make them conduct freely, and 
yield suitable metal ; not that they cannot be worked cold, but that 
they work much better and quicker hot, which more than compeosatea 
tor the expense of heating them. 

200. Froiectioit of Depmiliiig Liquidn Jroin, Light. — Somcliqoids, such 
as the double sulphite of silver and potash and the hyposulphite oi 
silver and potash, require to be protected as much as possible from 
the influence of light ; and even the ordinary cyanide sOvor liquid in 
better screened from an excess of this agent, 

201. Vlean Cona£ctioas Secessai-y. — In every case we mast be very 
careful to observe that the circuit is complete, and that it is capable 
of oonducting the current freely throughout; that the articles to ht 
ooated are conductors of electricity \ and that their surfaces, as well 
as all the ends of the wires at their various points of oontoat are per- 
fectly clean. 

TXfi. Manayement of Coppering Z,iquidi. — With the sulphate of 
oopper solution (§120) no pitrticolar management is required, beyond 
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the general mlea &1reEidy laid down (| 196). It is not suitable for 

depositing direot upon zinc, tin, li^ad, iron, or steel. Articles formed 
of these metals are first coated nlth a thin ta^er of copper in the 
cyanide of copper and potaBsium solution (S120), tlieii well washed, 
and transferred immediately to the sulphate solution, and the 
remainder of the required thiokneea of copper deposited. 

203. Ueea or Copper DepoBiUoQ. — Among the many uses to which 
the electro- deposition of oopper has been applied, we miiy mention 
the following :— To make copper cells for Daniel! 's batteries; miiking 
copies of stereotype plates, engraved oopper plates, and engraved 
rollers ; coppering the surface of printing type ; oopperiag steel pens ; 
tt> protect iron and stcol goods from rasting, coating telegraph wires, 
ship's bolts, screws, Ac.; to make oopies of Dagoerreotype pictures; 
to.make coppered cloth ; to coat glass chemical vesssla; to coat and 
protect metal and plaster statoea, busts, and sculptored works; to 
preserve the form of flowers, fruits, ferns, sea-weed, insects, reptiles, 
&c. ; to make medallions, busts, and various figures and omamentB in 
copper; it has also been applied in the arts of glyphography and 
electro-tint printing ; and largely in purifying crnde copper. 

20i, iliiking ObjecU in Copper, Coppering, £c. — To mate a cell of 
Daniell'a battery in copper, coat the inside of a glass jar or earthem 
jslly pot with was, resin, or Btearine, by making the vc^bbI hot, than 
either blacklead it thoroughly, or treat it with the phoaphorns, silver, 
and gold solutions; or, what is more simple, coat it uniformly all 
over the inside with the phosphoras moulding composition (g S7), and 
then treat it with the gold and silver liquids. Make a connection by a 
fine copper wire with the lower part of the coating, fill the vessel 
nearly full of the sulphate of copper depositing solution (§120), suspend 
in it a sheet of copper, and connect the sheet of copper and the fine 
copper wire with a small battery of 1 or 2 pairs. If, instead of the 
battery process, we adopt the single cell arrangement, containing 
ililule Bnlphuric acid and a piece of zinc, placing a porous cell in the 
sulphate solution, and connecting the fine copper wire with the piece 
of xinc ; in either case a deposit of eopper will soon spread over the 
entire inside surface of the jar, especially if it has been prepared by the 
phosphorus method. Engraved steel plates are copied by stoppin^-oS 
the back with copal varnish, allowing the plate to become perfectly 
dry, immersing it in the cyanide coppering hquid, and depositing 
a thin film of copper upon it, then washing it well and at once 
immersing it in the sulphate of oopper solution, and depositing the 
required thickness of copper upon it; this will require from 21 to 4R 
hours. The surface of the steel should be previously prepared for a 
non. adhesive deposit, otherwise the two metals cannot be separated, 
: Ccpi/iiifl irnoiI-eii(i in Copper, — For printing purposes, where a 



l»rge namber of impr^sIoDS d( a, particnJar nood-cnt is required, the 
plan of taking oopi^s o[ the en^aved wooden btook in cnpiier by tlie 
electro process, and naing thoae copies inatead of tbe original block to 
print from, has been gradnaily sstendiBg itaolf for many years, anci 
has DOW attiLined a coneidttrable degree of importancu. To copy an 
engraved wooden block, tlie engraved snrfaoB is flret imiataoed with 
water, and firmly enclosed by a ehatlow frame; a thick pieaa of gutta- 
percha, mere lliaii suMcicuC to fill the enclosed space, and inu.de qoito 
soft by heat, is than laid upon it. commencing its contact at the 
oentre of the engraving and proceeding oatwards, so as to exolnde all 
air-bubbles ; a piiite of cold iron is then laid npon the i^nttii-peroha, 
and the wtiote subjected to presaare, gentle at first, but iuiireased to a 
high degree as the aubstanoe cools. The block aod copy are then 
HepBrated, and the figured surface ol the gntta-peroha (with connecting 
aod gniding wires previously attached) is treated in the nsiial manner 
with blaclderid or with tbe phoaphoms, silvsr, and gild solutions; 
copper is then deposited apon it in a solation of sulpbiite of copper, 
until a moderate thiokness of deposit is obtained, which mil occupy 
at least 12 or 18 hours; when aofSciently thick the deposit is removed, 
its back made rigid by a layer of solder or type-metal {the anrfaoo 
being previously moistened with a solution of ohloriiic of zinc to make 
the solilci- adhere), the back ia pinned flat, and mounted upon a block 
of wood to the height of lbs type. In London this procsaq is carried on 
upon a large scale, some of the copies being upwards of 'J feet sq^nnre. 
Engravings upon Btee! are copied in an exactly similar manner to 
those upon wood. 

We hiive recently tried some experiments with a view of making 
the deposit of copper upon gutta-percha and marine glue spread more 
rapidly than it docs by preparing the sarfaoe with blacklead, it being 
a matter of some importance in copying wood- engravings (or 
periodicals of such large circulation aa the Illustrnled Netci that the 
time occupied in copying them be reduced. Oar experiments havo 
reBUltcd in some success, and we give the following resulta of them 
tor the benefit of the printing trade. 

After having formed a reverse copy in gutta-percha and marine 
ylne of the engraved wooden bloct, and affiled the conducting wires 
to it, take a niixtnre of 1 measure of spirit varnish, and either i or 
5 measures of vegetable naphtha, aod apply it very aparingly in a thin 
layer by a soft curael's-hair brush over the whole surface of the moold 
where the deposit is desired to be spread. Whilst the surfov^ is BtUl 
wet, cover it with a mixture of 3 parts of yellow and 1 part of white 
bronze powder, and bring the powder in thorough contact with the 
whole of the moistened surface by striking it all over witli a dry, soft 
brosb; then gently brush off all the superfluous powder. Tbebroneed 
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mould may now be immersed in the ordinary enlphate of ooppor 
BolutioQ, and the following actions will occnr; — The purticlca oC white 
hronKepowder being composed almost wholly of tin, and thoso of yellow 
broiUEB aonta.ining much capper, tliosa of tin witl dissolve and coat 
themselVBa with copper by simple immeraion process (g 4), and thoEe of 
brass or copper (the yellow ones) will become coated by their contact 
with those of tin (Two Metals and One Liqaid Process, ^T), and thna a 
thin deposit of copper will almoab instantoiieoualy spread all over the 
bronzed surface. This efFeet will, of course, take place without con- 
necting the mould with the battery, but they raay be immediately 
oonneoted toijother, and a dsposit will sproad almost instantaneously 
over the whole oE the bronzed Hur[a.cB by the ordinary battery process, 
through the medium of the bronze and the thin deposit already men- 
tiocad, and may be coutinued to auy required thickness in the UHual 
way. la our earlier esperimenta with this method, yellow branze 
alone was usad, which did not radacetbe copper by simple immersion; 
but even then roedallioQs were repeatedly covered with a deposit of 
copper in from 2 to 5 minutes, which would occupy from 20 to 45 
minutes when prepared by blacklead in the usual manner. The 
addition of white or tin bronze causes the deposit to spread as rapidly 
as when the surface is prepared by the phosphorus aolutlon, but with- 
out the diaidvantago, which occats in using the latter, of making the 

deposited metal brittle. The effect of naing wiite bronze alone was not 
SO satiafactory. 

The surface of the copper copy bo obtained is bright and clean, and 
the character of the deposited metal is good, but the surface obtained 
is hardly so smooth and fine na that obtained with blacklead; the 
difference, however, is very slight, and it is sufGciently smooth for all 
ordinary purposes, and for the object sought, if care be taken to blow 
aS or otherwise romoya all superfluous bronze powder before immer- 
sing the mould in the vat. We hope that those who have the oppor- 
tunity will try it upon a larger scale. 

206. Copying Set-up Type ia Cupper.~The proaeSB of electrotyping 
has also bean gradually encroaching upon that of stereotyping, and haa, 
we are informed, almost snpersed'ed that process in America. The 
plan adapted is similar to that of copying woodcuts, viz., to lay a 
sheet of softened gutta-percha upon the surface ot the page of type, 
and Bubieut it to increasing pressure until it is cold ; the gatta-peri5l» 
copy is then removed, and treated as in copying wood engravings. It 
would be advisable to try a somewhat softer material for this purpose, 
such as the miii:tiire of gutta-percha and marine glue which we haye 
recommended (§85). This material takes a sharper and smoother 
impresaion than gatta-percha aloae, and the deposit spreads over it 
more rapidly ; and, being Butter, it would enter mora freely and with 



leas presanra between tlie fine lines of the letters, and atill not be 
BafGoiently Boft to enter tbe minats arevlces between the boily of the 
(jpes. If a solution of grape-sa^ar (as nsed in Drayton's patent pro- 
cess for silvering glass), aldeb;yde. or other reducing agent, vma snb- 
etitnted for the phosphoruB solution, tor redncing the silver upon 
(he anrface of the menld, it wotild be an advantage, aa besides the 
dangeroaa character of the phoEphorna, it haa an offanaivo odour, and 
the copper deposited upon sorfacen prepared by it, ia moreover, ia- 
Tsriably brittle. 

The mould may also be prepared for a deposit by blackleading; it will 
require a Jirst-rate quality of blocklead, and prolonged and nttentive 
bmshing. but will then afford a good reaolt. The air-bubbles may be 
removed when the mould is in the liquid, by directing a powerful 
npward current of tbe liquid against them by means of a vulcanized 
india-rubber bladder, with a long-carved glans tube with a fine ocIQoh 
(Fig. 35) attached to it ; taking care not to raise 

Tbe advantages of electrotyping over atereotypin, 

the metal ia harder, takes a sharper 

3n of the mould, and delivers 

I the ink much more readily than typa 

metal, besidca being a cleaner pro- 
; it also tukes up less ink, and 
Fjo. 56. <jonaequently the printed pages dry 

more quickly. Both woodcuta and 
letterpress have also been copied in plaster of Paris, and the deposit 
of copper formed upoo that; but this material ia much inferior to 
gntta-percha for the process. Meaars. Bradbury and Evans were 
long extremely anccessful manipolators in this branch of electro- 
deposition, and their apparatus ia the most perfect of its kind. In this 
establisbment the temperature of the room is carefully attended to, 
and the vessols containing the solutions have glass covers. The result 
of this carefal manipalation has been that, in some instances, success- 
ful deposits of large lUuslTnUd Naies engravings have been formed and 
taken off iu eight hours ; this can only have been effected by the moat 
perfect blackleading, keeping ths solation in excellent condition, and 
working with the masimum of battery power. Gutta-percha and 
marine glue is well worthy of a trial, and the use of bitumen with 
gntta-percha ia alao a good idea ; the marina glue would be better, 
becaoae it is tougher. 

Iron and steel wire may be coated with an adhesive deposit of 
oopper, by first coating them, with their surfaces perfectly clean, in 
the cyanide coppering liquid, snd completing the deposit in the 
ordinary sulphate solution. The coils should bo kept aeparate from 
eaob other in the liquid by suspending them upon a horizontal brass 
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rod, turning il oi:aaaion9.11y to canae a uniform dupoait. Iron SGTSwn 
and nails muy be treated in a, BiinilEir nianneT exaept that they sliould 
be coctatnisJ in a wicker busket, and ahokan occasionailly to produce 
a nniform deposit. 

207. Cupijiiig Dagutrreolype Pictiirei in Copper. — The most intereat- 
ing and beoiUtifiil application of the depositioo of copper, and at the 
Bame time one of the oaHieat to be effeoted. is that of copying Daguer- 
reotype pic'urea. Firet Bolder a nlre to tho baclt of a plats near the 
edge; varnish the baok and edgea, and allow it to dry; hang it in « 
dean sulphate of copper solution, whioh ia perfectly free from dnsl or i 
greaaa on ita aurface ; and, in the course of 20 or 30 hoars, if about 
2 paira of amull Smee batteriea bave been used, tho deposit will bu 
euJEciently thick to be removed ; it ahould then be tiiken out, well 
waahed, wiped perfectly dry, and a narrow atrip he cut off itsedgea wiHi 
a atroDg pair of Bciasora; the two may then he ensily aepaiaCed by 
inserting the point of a kuife, or the end of a thin wedge of hard wood, 
between them at the edges. If the proceaa has been carefully managed, 
and the original picture ia a strong one, a most beautiful and vivid 
copy will be obtained ; and if the piutura ia not only a strong one, but 
has also been well fixed by Fizeaii's prooesa, a nnmber u[ Bucoassive 
copies may be taken from it. but their intenaity, as well as that of the 
original, appears to diminish in each aQoceedinj; trial. With a 
vivid original picture, clear aulution, very regular and undisturbed I 
action of the battery, and a flue deposit, we have observed a moat 
strange phenomena, viz., the picture has not entirely disappeared, I 
even in 30 hours, although the ci:>ating of oopper haa constantly in- 
Greased in thickness; the image has penetrated quite through the 
deposited metal and appeared upon the back, even npon deposits as 
thick as an address card. In some caaes the figure was optically 
positive, and in othera negative. 

208. Cualiiig Plaster Modeh, J'7oH'er>, otmZ Clay Fij/iirea iritk Copper.— 
Bnsta and other aimilar objet^ts may be coated by saturating them 
with liBseed oil, then well black] eading, or treating them with the 
phcBphoTUs, silver, and gold Bolntions, attaching a number of guiding 
wires, connected with all the most hollow and distant parts, and thea 
immersing the object in a sulphate of copper solution containing no 
free acid, and causing juat sufficient copper to be deposited upon them 
by the battery process to protect them, but not to obliterate the fine 
lines or features. Flowers, fruits, terna, aca-weed, insects, Ac, may 
be prepared by the phosphorus, silver, and gold liquids, and the oop- 
per deposited upon them, either by the aingle cell or battery prooeu, 
in a, neutral aulphate of copper aolution. 

209. Coppering Cloth, — To copper cloth, fl«t stretch it npon a afaeot 
of copper slightly curved, ao that it may be in close contact with tha 



metal all over ; then vamisli the back or hollow side ot tlio eoiipjr, 
ftnd deposit on the opposite aide, by the battery process, from a sul- 
phate Holntion not containing mnah free acid, nntil the meshes of ths 
□loth are quite £lled with ooppsr, imd the metal and elobh Qrmly 
united togeCber; the deposit mny then be removed nnd well washed; 
the original aheot uf oopper should, ot CDuraa, be properly prepared 
for a non-adhe3ive depaait. By Mr. J. Kobottlaender'a process the 
cloth itt pasaad under either a plain or an engraved eopper roller, 
horizontally immersed in a sulphate of copper ealntion not containing 
much free acid, and a deposit takes place upon the roller as it slowly 
revolves. The meshes of the clotb are thus filled witU metal, and tbs 
design of the roller uopied upon it, thecopporod cloth slowly rolled oft, 
and passed through a. second and closely cantiguoua vessel lllled with 
clean wuter. The roller is properly prepuired for a non-adhesive deposiL 

210. KIchiiiii Copper. — In etching a copper plate by electricity, first 
solder a wire on the back, then varnish the back, and cover the float 
with a thin layer of engravers' etehiug ground; draw the design upon 
the front surface with an etching ns^ille. cutting through this material 
to the clean surlooe of tha copper. H iving completed the atohing, 
hang the plate us an anode in the ordinary sulphate of copper solntion, 
opposite a suitable cathode of brass or copper. The current of eleotri- 
city iu puHuiag oat of Che eograved lines into the liquid ciiaBes ^ 
copper in them to dissolve, and tlina etches the design in the plate. 
The diSerenC gradations ot light a.aA shads are produced by suspend- 
ing cathodes of diSerent forma and sizes opposite the plate to be etched, 
in different positions and at different distances from it, thus causing 
the etching to be of diSerent depths in different parts, the deepest 
action being always at the parts of the electrodes nearest together. 

311. fAhjjikonraphy. This art consists in varnishing the back of a 
flat and smooth coppsr plate, liitying tirit a thtii ooating of white 
etching ground upon its front side, and then a layer ot black etching 
ground upon that, engraving the desi^jn upon the coating with different 
engraving tools, then blackleading the whole of the engraved surface, 
and depositing a thick sheet of copper upon it in a sulphate solution 
by the battery process ; the deposited plate is then removed, its detects 
corrected, and fixed upon a block of wood in tlie same niauaer as a 
stereotype plate, ready for printing by the ordinary hand-press. 

212. Muiag}ni)nt of Silver BaluUoas. — ^Silver platiuj; liquids require 
much mure care and attoutioa th»n the sulphate of copper solution. 
Articles formed of zinc, iron, or st«el, require to be coated with a thin 
Sim of copper in the cyanide of copper liijnid, before being immeraad 
in the cyanide uf silver solution. Those formed of Britannia metal, 
tin, or pewter, are taken direct from the hot potash liquid without 
rinsing in water, and immersed a. short time in a cyanide of silver 



solution containing considerable Happlies of trea oyanide, with a, liir^;.; 
nnode, and a cnrrenl of coasider&ble intensity from a etrong ba.ttery 
ia piajei through for eevsral minntea nntil the articles re^eice a tliju 
deposit of silver; tbey are then trausFerrei to ths ordinary vat to 
raoeive the fnll amount of deposit. Those oE le3,d are first Rcraped 
or otherwise made quite oleao and hri^ht by meehaoical means, and 
(hen treated in the same maanar as those of Britannia metal. Articles 
of ooppar, brass, or German silver , after being properly ole«ns?i!, are 
dipped into the solution of nitrate of mercury or of cyanide of 
mercury and potassium (§ 84), then rinsed in a vessel of water, and 
unm^diately suspended in the depositing vat. If they are immersed 
withoutthis preparation, the deposited silver does not always adhere 

213. PeouUariUos in Praotlcal Silver Dsposltloo. — Peculiar pheno- 
mena often oconr in the electro -deposition o! silver, not only upon 
different metals, but also apon tlie same metala in different forms or 
in different conditions of surface; for instance, according to state- 
ments made to me by electro -platers, 

lit. If two perfectly similar pieces of thin sheet brass are taken 
(eioept thnt one is perforated all over with small holes), and both be 
dmoltaneoasly immersed in the same Eolation to be silvered, and wiUi 
Ifae sama battery power applied to each, the latter, although its amount 
of surface is reduced by ths perforations, will become coated with silver 
much more slowly than the former. 

2nd. I( a wire gauze cylinder o t a Davy iamp be suspended aide by 
side with a piece of thia tubing of the same raetal and of the same 
dimensions, the latter will beoome coated much more rapidly than the 
former. 

3rd. If two piGoes of the sam-e metal — iron for instance— are im- 
mersed to be silvered in the ordinary cyanide solution, or to bs coppered 
in the hot cyanide of copper and potassium liquid, each containing 
exactly the same amount of surface to he coaled, but one being in the 
Form a( a thin sheet, and the other in that of a thick plate or solid 
block of metal, the former will become coated much more rapidly than 
the latter; an effect probably of difference of temperature. 

4th. The edges and points of articles, whilst being plated, exhibit 
1 greater tendency to a crystallinQ deposit than the fiat parts, and this 
tendency is sometimes manifested in depositing silver upon table- 
knives and forks. It is the knowledge of these and many other pecn- 
liarities of different metals and articles met with in practical working, 
and of the means of overcoming their attendant difficulties, which oon- 
stitntes one of the chief differences between the practical operator and 
the theoretical scientifio man. 

214. Btanafemant of " Bright Solution, " — A. bright solution is much 
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more difficult to raannge than the ordinary Bilvering liqnid; ifitip 
uot worked constantly and in a uniform manuor, it will lose its jiower 
of yielding bright metnl. If any one oF the artiolea which are being 
plated in it ia disturbe'l, or removed from the liqaid and replaced, thui 
one nil) not now receive a bright deposit, and the distar-bsince of tbi 
liquid by removing it will oltentimea cauee all the neighbouring articles 
to lose their brightnesB. It too much "brightening liqmd " (5 144) If 
added, the aalution will be considerably injured ; many silver solntionK 
have been irretrievably damaged in this way. A bright aolutioii 
requires a b:i.ttery current of large quantity and E.U.F. to work 
it, and the dissolving platea in it are generally of a darker colour than 
those in the ordinary silvering liquid ; the silver deposited from it is 
much harder thbn that deposited from the ordinary plating solution, 
and has very much the appearance of fused metal ; the bright appear- 
ance commences at the upper part of the articles and travels down- 
wards ; it soon after commences also at their lower extremities and 
travels npwards, until the bright portions meet each other. If there 
are small holes in the surtuce of the articles, dull streaks appear above 
them. According to my analysis bright silver contains sulphnr. 

SIS. Adding Cyanide of Fotasslam to Flattng Liquids. — It is neces- 
■arj to add a little cyanide of potassium occaBionally to every oyanidi? 
of silver plating hqnid, probably betausethoBolutions absorb carbonic 
ooid from the atmosphere, which converts some of the cyanide of 
potassinm into carbonate of potash, and sets hydrocyanic acid gas free. 
Afnrther portion of the potassiuui salt may also be decomposed by 
gome means, with formation and escape of ammonia ; the necessity of 
adding a little fresh cyanide is indicated when the dissolving plate 
begins to change from its ordinary pure white appearance to a doll 
yellowish gray colour; it is best added in the evening after plating, 
just before stirring the solution. 

216. If the solution, is too strong, i.e., if it contains insufUcient 
water, but has silver and cyanide of potassium in their proper relative 
proportions, it conducts freely, deposits rapidly, and gives a rich 
deposit of B. fine silky Instre ; bat it is more difficult to manage than 
a weaker liquid, especially in hot weather, becanse, from tho less 
mobility of its particles, it ia very apt to settle by working into strata 
of different denEities, its npjier part becoming exhausted of silver and 
fidl of free cyanide, anditslower part becoming nearly saturated with 
that metal, ond deficient in free cyanide. The conseqaence of this is, 
that the upper parts of the dissolving plates waste rapidly, whilst the 
upper parts of the article receive either very little deposit or one of a 
bad quality, being grey, brown, or yellowish, sometimes of a lilac hue, 
and generally in dull streaky vertical lines. All these eviia may be 
mitigated by stirring the solution well every night after bniin? 
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flniahed plating, or it may ba entirely preyented by diluting the liqnid 
with water to a, propor extent, stirring it every erening, and'woritiag 
it Qniformly. All Bilveriag and other depositing liquids eihibit this 
tendency to settle into strata in workini;, especially if worked rapidly, 
bnt the most dilute ones show it in the least degree. 

If the solation is deficient in water, and contains a great excess of 
free cyanide, the foregoing evilB are all greatly aggravated. In hot 
weather it becomes quite nnmanageable, and the vaponrs of ammonia 
and hydrocyanic acid arising from it are overpowering. In this 
case, the best way to improve it is to add cyanide of silver and water 
in BoEScieut quantities to make it of a good composition, keep it in a 
cool place, stir it daily, and wort it conatantly in a nniform and caLte. 
fol manner. Mew Bjlutions, or old oooh which have been injured, 
often improve by daily atirring, with aniform and judiciooa working. 
An excess of cyanide of potasBiam is indicated when the dissolving 
plates are very strongly acted upon, and the deposit is at the same 
time either very sparing or of a bad colour. 

If the Bolutio3 is too weak, i.e., if it containa too mnch water, it 
conducts sparingly, deposits slowly, and the dep'iait has a dead white 
appearance. This may be easily remedied by adding cyanide Of silver 
and cyanide of potassium to it in proper proportions, and working it 
imiformly a. few days with daily Btirring. 

217. Washing-. Drying, and Ornamenting Sllver-Flated Artlclu. — 
Articles that have been plated witli silver are always washed in 
abondance of water until every trace of the depositing liquid is re- 
moved from them ; tbey are then immersed in hot dry sawdust, 
moved about in it and gently rubbed with it, nntil they are pertectlj 
dry. After drying they are, if necessary, weighed, to ascertain how 
much silver has been put npon them, then '• scratched" (S 80), if neces- 
sary, and finally finished by biamisliing, polishing, ifto. 

Bometimcfl for the purpose of ornament, portions of their snrfaco 
are " oxidized." This ia done by applying a hot solution of bichloride 
of platinum (g IG7) to them, and allowing it to dry. The more platinmn 
the solution contains, and the hotter it is, the deeper black does it 
produce ; or it may be effected by the application of a solution ot " liver 
of Bolphnr." To pri>duce a brownish eoloor, apply a solution of equal 
weights of sulphate of copper and sal-ammonias in vinegar; and to 
produce a "dead" appearance, like frosted silver, deposit a mere trace 
of copper upon it in a copper solutioa, then well wash it, and deposit 
a very thin layer of silver upon this. In each of these oases the parla 
which are to remain bright must be etopped-o£F with varnish. 

218. " Stripping " SUtbt from Copper, ana Copper ftom Silver.— 
Occasionally the depositor has sent to Inm, to be re-^ilated, old v 
out articles formed ot " Sheffield plate," in which the outer layer of 
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silver has been worn away, and expaaed portions of the oopper base 
beneaith; these articles generally require to have the rem fining portions 
of Bilver removed, in order to ohta,ia a uniform Enrface to dspoeit 
upon. The removal of the silver la termed " stripping." To eSeot 
this, aid a little nitrate of potash [saltpetre) to a quantity of strong 
oil of vitriol, and apply heat, until it is all dissolved; then immerse 
the articles in the hot liquid, and a,lIow them to remain until all the 
ailyer is dissolved. It the action becomes slow, apply more heat or 
add more saltpetre; the oopper will not he mach, aoted upon it the 
articles are not allowed to remain in too long. A number of Bnch 
•rtiolee ore generally done together, and are afterwards washed, and 
prspBTed in the asoal manner tor recGLviog a deposit. The silver may 
be recovered from theliqnid,in the farm of chloride of silver, by dilut- 
ing it with much water, then adding a solution of common salt to it as 
lonRas a precipitate la prodaoed; tie preeipltata when washed and 
dried is chloride of silver. By tusiag this with oarbonate of potash 
the metallic silver is obtained. 

To remove copper from silver (which ia bnt rarely reqoired), boil 
it in dilute hydrochloric aoid, or immerse it in a hot solution of per- 
ohloride of iron. The latter solntion may be made by d:{;eBtiug per- 
oxide of iron (jeweller's ronge) in warm hydrochloric acid as long SiS 
ft will diBEolve; it will ramove either tin, lead, or ooppBr, from gold 
or silver, without afiecting those metals. A solution of chloride of 
^nc has been used tor the same purpose. Copper may also be com- 
pletely removed from silver or gold, by making it the anode ia a sul- 
phate of copper solution until all tho copper is dissolved; the silver 
will remain unaffected if the current employed is feeble and has not 
a greater E.M.F. than 1 or 9 pairs. 

219. Testing the Purity of Silver.— ^M.. Eunye adopts the tollovring 
method of testing the pnrity ot eDver : — He immersaa the article in a 
mixtore ot :)3 parts ot water, i parts ot sulphuric aai^, and 'S parts of 
obromateof potash. It pure metal, tbe immersed part quickly assumes 
a purple colour, which is less deep and less lively in proportion to the 
amount of aUoy contained in the silver. No other metal exhibits the 
•ame colour with this liquid. 

220. Testing the Amount of Silver and of Free Cyanide in Silver Sola- 
tiotu. — To ascertain tlie amount of silver in a cyanide plating solution, 
add dilate hydrochloric acid to a known quantity of the liquid as long 
as it produces a precipitate ; wash, dry, and weigh the precipitate, whioh 
ia chloride of silver, containing in every 143'6 parts lOS parts of metallic 
Bilver. To test tha amount of free cyanide ot potassium, add a soln- 
tion of cryetullized nitrate of silver in distilled water to a known 
quantity of the plating liqnid, as long as the precipitate formed is 
mtirely ta-dissolvod on stirring, and note how jnuoh nitrate is used ; 
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ovary ITG porta expendod indicata 130 parts ol free cyanide, or about 
8 pttrta of free cyanide to i parta of nitrate of silver. 

221. Uanagemsnt of OUding SolnUoua. — Cyanide gilding Bolotion 
ia generally contained in a glasad iron veaael, and heated either by ft 
■tove or by gas jets beneath ; or it is cautained in a stoneware or glass 
pan immeraed in boiling water. On accoimt of the usual smallnesa ol 
the artiolea to be gilded, the thinneag of the deposit required, and the 
npidity of the action in a hot liquid, the articles only require to be 
iinmerHed in the Bolutioa for a few minutes; when a thicker deposit 
is required, they shotild be taken out several timea, brnshed, and re- 
immersed, in order to maiolaio a proper condition of deposit. Artiolea 
formed of ucoa or steel require tii be coated with a thin film of copper 
in the cyanide coppering liquid before gilding. The strength of bat- 
tery oaed for gilding is generally about 2 pairs of Smee's, of different 
sizes, according to the magnitude of the articles to be gilded. The loss 
ot water by evaporation ia g6ne.rally made good by adding a little dis- 
tilled water, after the gilding ia fijiiehed. 

223. Rtgiilaiion of Colour in Elcclro -gilding. — The general method 
now adopted for regulating the colour of electro-gilding Is as follows: — 
After having prepared the aolubion, work it with a large copper anode 
until the deposited metal begins to deteriorate in colour ; then teplaoe 
the copper by a small gold anode. With the copper anode oau be 
obtained a rich full colour, becoming deeper aa the temperature of the 
liqnid is higher; to produce a paler yellow, use a small gold anode 
with a lower temperature, or add a little caustic soda, oi some cyanide 
of silver solution. The deposited metal is an alloy. 

223. Becovery of Gold and suver from DepDsttlng Liquids. —As both 

silver and gold sohitiona occasionally got out of working condition and 
become qoite unfit for nse, it ia very desi rable that the operator ahonld 
nnderstand the chemical aotioa of different subatanoea upon them, 
and how to recover the metal. Those oF silver generally get out of 
order, either from the addition of too much "brightening liquid;" 
from esoesB of cyanide of potassium, together with the heat of the 
-weather, and injadicious management ; from ansoccesdful attempts 
to improve the condition of the liquid ; from the accidental introdoc- 
tion of impurities ; or from the liquid having been improperly made. 
Supposing it to be the usual cyanide liquid, the silver may be 
recovered in the metallic state thus: — Evaporate the aolntioa to 
dryneaa, reduce the resulting ealt to powder, mix it with its own 
weight of a mixture of J part of nitrate of potash and 2 parts ot 
common salt, and roast the whole in an iron pan to dryneas. Faae 
the dried mixture at a bright red heat in an earthen crucible, until 
the liqnid silver collects at the bottom of the vessel, then pour thesilvar 
only slowly into a large quantity of water. The resulting grnnulei^ 




□f Bilver should not be osed in raukiag a, new plating liquid, becHinBe 
they generaJly contaJQ copper derived from the ajIricleB easpendsd in 
tbe plating solution (§lfj3 and §233), hut abould be excliaoged at s 
sOver refiner's for pure silver. 

22j. "The orystAllized double cyanide of gold and potasEiom 
fuses and tlJFcrvescea by heat, and is resolved into oyanogeii gas, am- 
monia, and cyanide of potnaainm, if air be present ; its complete 
deoompoaition rcqaires a Btrong red beat. Whon it is mixed witli an 
equal weight of carbonate of potat^h and strongly heated, a, bntton of 
metallic gold is obtained. When heated with Bulphuric acid, it gives 
off hydrocyanic acid gas, and, after ignition, leaves a miature oE gold 
and aolphate of potash. Iodine sets free cyanogen gaa, forms iodide 
of potassinm, and throws down the cyanide of gold. The aqaeooa 
solution of cyanida of gold and potassium gilding liqnid, when mixed 
with aolphuric, hydroohlorin, or nitric acid, slowly deposits cyanide of 
gold; and when boiled with hydroohlotioacid, it is completely resolved 
into oyanide of gold and chloride of potuaainm. Similar effecta are 
produced even by oiaiic, tartaric, and aoetio acid," 

22B. Extractiun of Gold and Silrer from Exlmutted Solutions.—" To 
obtain the rcma.iijing gold from gilding solntions whiuh have become 
inwalive, they should be evaporated to dryness, the residue finely 
powdered and intimaCel; mixed witL an eqnal weight of litharge, 
fused at a strong red heat, and the lead extracted from the alloy but- 
ton of gold and lead by warm nitria acid ; the gold will then remain 
ftB a loose Yellowish -brown spongy mass." — Bcettger, J. Pr. Chem. 
86, 169. Eisner, Eedtel Hesscnberg, J. Pr. Chem. S7, 477, 38, 169, 
and 356. 

226. The following extracts are from a paper by Eisner : — " I have 
undertaken a series of reseBrchea upon this object, and hasten to 
oommoniaate the results to the public ; but, before proceeding to the 
communication, I think it necesaary to mention the results of the 
experiments upon which are based the methods given further on lot 
extracting both the silver and the gold of old oyanide of potassium 

227. " lat. If we add hydrochloric acid to a solution of silver in 
oyanide of potassium, until the liquid exhibits an acid reaation, we 
obtain a white precipitate of chloride of silver, which, when submit, 
ted to heat, melts into a yellow mass. If this was cyanide of silver, 
the application of a red heat would have left a rcgulits of silver. The 
addition of the hydrochloric acid precipitates all the silver present in 
the liquid in the form of chloride of silver. 

228. ■'2nd. It we evaporate a solution of silver incyanideof potas- 
sium to dryness, and heat the residue to redness until the mass is in a 
utate of quite fusion, and has assumed a brown colour, there remains, 
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wbea we nash the mass with wa.ter, metallic and porooB HilreT. The 
wash-waterB. wtien filtered, still contain a little silver in Bolatioc; 
because, if bydrocMorLC a,oid is added to them, it prodtiCBB a, precipi- 
tate of chloride of eilvi^r. In ev&porating and calcining a. Bolntion of 
gold in cyanide of potos-iinoj the reanlt ia the same — we obtain met- 
taUloijold. The waah-watera, acidnlated with hydrochlatia a,Did, give, 
when treated with anlphurctted tiydrogen, a brown preoipitB.ta of sal- 
pbide of gold ; and, nith chloride of tin, a. violet precipitate (parple of 
Oaaaiua) — u, proof that tlicse liquids still contain a little gold in aolution. 

229. " 3rd. If we ponr upon finely-divided ailver — for iiistaDoe. 
sUver-lenf, or stiver precipitated in the porous state by zinc from a 
solution of silver — a concentrated solution of cyanide of potassium, 
at the ordinary temperature, and shake it frequently, the liquid, at the 
end of a cert:tin time, exhibits silver in solution, and, by adding 
hydrochloric acid to it. we prod nee anabundant precipitate of chloride 
of silver. This experiment explains why, in the wash-waters of the 
various combiuatiouB of gold or silver with cyanide of potassium, we 
can still demonstrate the pTesence of gold and ot silver after the 
most minute separation. 

230. " 4th. When hydrochloric acid or ordinary sulphuric acid is 
added to a solution of cyunide of copper and cyanide of potassium, until 
the liqoid exhibits au acid reaction, there results a reddish-white pre- 
cipitate, which is a cyauiile ot copper in the anhydrous state. II the 
precipitate be well washed and boiled in potash lye, protoxide of copper 
is separated of a beautiful red colour ; and if to the filtered alkaline 
liqaid we add a solution of greea copperas, a dirty bhie precipitate ia 
obtained. A solution of carbonate of soda famishes the same results, 
and yields, with the copperas, the same dirty blue precipitate. If the 
reddish-white precipitate is dissolved in pure nitric acid, and b solu- 
tion of nitrate oE silver added to it, an abundant white precipitate is 
produced, which, when washed, dried, and calcined, yields silver in 
the metallic state — a proof that the precipitate is cyanide oE silver. 

231. " The reddish- white precipitate ia soluble in an excess of 
hydrochloric acid, in nitric acid, and in aqun, regia ; it ia also soluble 
in aqueous ammonia, and in a solution of cyanide of potassium." The 
" reddish-white precipitate " sx^ken of by Eisner appears to be 
the same as that which is precipitated by strong adds from old silver 
plating liquids containing much copper, d^o., dissolved from tbearticleB 
during plating, and from the oo>pper connecting wires ; and consists 
of cyanide of silver colom^ed by cyanide of copper and other 
impurities. 

a33. "Sth. If wo pour hydrochloric acid into a very pure solntioii 
of gold in cyanide of potassium, there is slowly formed at ordinary 
i^enjperatnres. and immediately on the application of heat, a 
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preoipitatB, wiiirh is cyanide of RoW ; the Cltcrod liqniJ whicli has 
(jiven this precipitate still contnins a iittle gold ia solutioa. Bj 
tvaporating it to dryness, fasing, dissolving, and filteiing agaia, there 
remalna upon the £ltei the reniitinder of the gold. 

23il. "When a solation of ailver prepared for silvering articles 
ot bronze or of brass has been employed a aertaiii time for that pnr- 
pose, the preaipitate produced in it by the addition of hydrochloric 
acid is not pare white but leddish, in coosequpnce oC the reddish- 
white ajonide of copper whioh is precipitated with it ; for wo know 
that those silvering liijnids which !ia.ve been aacd for eoino time con- 
taiu copper in solution. The SELme thing occurs with the solutions 
tor gilding, in whicli articles of Hilve:r, copper, brouie, and bruas have 
been gilded for a long time ; the liquid contains, after a certain time of 
service, not only gold, but also silver and copper. This case presents 
itself especially when gilded articles of silver, containing copper or 
other alloys of silver, are in the so^lution of gold; then the preaipi- 
tate of cyanide of gold prodnced by the addition of hydrochloric acid 
does not posseaa its proper pare yellow oolonr. It has happened to me 
to observe a precipitate of this kind, which, instead of being yellow, 
was green ; and, in fact, articles of iron have been gilded in tha solu- 
tion, and tho precipitate contained, besides cyanide of gold, Prussian 
btne, so aa to be demonstiated in an exBininatiDn, whicti ocmsiatcd in 
boiling the green precipitate in aqua regia, filtering to separate the 
dirty green residue, evaporating the filtered liquid to dryness, and dis- 
solving the dry salt in water acidulated with hydrochloric acid ; the 
addition of sulphate of iron to this new liquid gave a brown precipi- 
tate, and the salts of tin a reddisli-brown precipitate. In treating by 
aqua regia, the cyanide of gold was then decomposed, and converted 
into chloride of gold. 

S34. "Based npon the preceding facts we may found several 
methods for recovering all the silver and gold of old cyanide of potas- 
sium solutions. The extraction of these precious metals may be 
effected either by the wet or by the dry process. 

235. "Extraction of Silver by the Wet Method. — Adding hydrochloric 
acid ontU the liquid exMbits a strongly acid reaction ($230). The pre- 
cipitate of chloride of silver which is thus obtained will be, as we have 
already said, of a reddish^white colour, because of the cyanide of 
copper which is precipitated with it when the eolutiou lias been used 
a long time for silvering objects containing copper. In this precipita- 
tion by hydrochloric acid there is hydrocyanic acid gas sot free; there- 
fore the operation should only be performed in the open air, or in a 
place where there ia good ventilation. If the precipitato is very red 
it must be treated with hot hydrochloric acid, which will diesolvo the 
ryanido of copper. The chloride of silver, having been washed with 



water, mast ba dried, and thGn filled witb potOiBb in a HeEsiiLn arnclble, 
ooated with borai, io tbe ordinary miiiiner tor obtaining metallio silver. 

236. "This roetbod ia very simpla in its application, and very 
scoQomical, considering tbat by tbe aid ot tba hydrouhloric auid all 
the ailvei contained in tbe solution oE cyanide of potaBsium is precipi- 
tated, and there remains no truce of it in tba liquid. Bat tbe large 
qnantity of bydrocyonia acid gaa which iB diseit<taged ia a tdrcDm- 
3tance which maat be tahBU into scriona ooneideration when operating 
on large qaaatilies of silver solation, the vapour of which ia most 
deleterious, and nothing but tbe most perfect ventilation, cumbined 
with arrangements for theeacape of the poisonous gasca, will admit of 
the process being carried on without danger to the workmen ; when, 
however, wa have tahBn tbe precantions dictated by prudence, the 
method in qaestion may be oonHidered as perfectly practical. The 
liquid ahoald be ponred into very capaoioua vesBBlB, becaase the addi- 
tion of tbe acid produces a large amount of froth. 

237. "Extraction of Silver bij the Dry Melkod.—ThB aolution of 
cyanide of ailver and potassium is evaporated to dryness, tba residue 
fused at a red beat, and the reaulting mass, when cold, is washed with 
water. The remainder ia the silver in a porous metallic condition. 
There still remains in the wash-watera a bttla ailver, which may bo 
precipitated by tha addition of hydrochloric acid. 

233. " Extraction of Gold by tlie Wet MctSiod.—k solation of gold and 
cyanide of potassium, which baa long served for gilding articles of 
ailver alloyed with copper, may atill contain, as we have already re- 
marked, Independently of the gold, both sOver and copper, and perhaps 
iron. In order to obtain these metals we operate in the following 

" The liquid, the same as with tha solution of sOver, is acidulate 
with hydrochloric acid ; in which case there is produced a diaeugage- 
ment of hydrocyanic acid gaa, which requirea the same careful venti- 
lation. This addition of bydroohloric acid canaoa a precipitate, which 
may, according to oiroam stances, consist of cyanide of gold, cyanide 
of copper, and chloride of silver. Tbe precipitate, washed and dried, 
ia boiled in aqua regia. which dissolves tbe gold and copper in tbe 
form of metallic chlorides, and t-eaves the chloride of silver unaffected. 
The solution, containing the gold and tba copper, is evaporated nearly 
to dryness in order to drive ofi any excess of acid; it is then dissolved 
in a small qnantity of water, and tbe gold precipitated from it, in the 
state of a brown powder, by the addition of protosalpbata of iron. 
The chloride of silver is reduced to the metallic state by the known 
means. The liquid from ivhich we have precipitated the cyanide of 
gold, iSo., by hydrochloric acid, may yet contain a httle gold in solu- 
tian. I refer to "5th" for its further treatment. 
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2S9. " This metbod is diatingniBbed by the great aimplicity of the 
operatioii, and we may repeat toe it all tKiib we have already said 
reapecting the eitraction of ailver by the wet method. 

240. '■ Extraction of Goidby the Dry Method. — Tte Bolntion of cyanide 
of potaasium which contains gold, silver, and copper, ia evaporated 
to dryneaa; the reaidne faaed at a red heat, cooled and washed (the 
waah-watetB atill contain a little gold and ailver, and tMa occara most 
often when the solution of gold or silver contains a very great esoeaa 
of cyanide of potassiam). The residue, after washing, consists of 
gold and ailver in a metallic porona state, and carbide of copper re- 
sulting from the decomposition of cyanide of copper by the heat. The 
metallic residue is treated by aqua regia, whicli forma insoluble chloride 
of silver, and containa the chlocideB of gold and copper in solution. 
In order to obtain these mctala in the metallic state we must proceed 
in the manner previonaly indicated. 

241. " If we operate according to the method of Prof esaor BcBttger, 
i.e., if we fuse the dried residue with its owu litharge, in a covered 
cracible, the regalus we obtain ia this case consiata of gold, ailver, 
and lead. In treating this alloy by nitric acid of specific gravity 13, 
and applying heat, the gold remains in the form of a brown powder, 
whilst the lead and the silver are dissolved in the acid. Thia aolntion, 
after having been dilated with distilled water, may have the silver 
aeparated from the lead, by the addition of bydrocbloric acid. 

242. "Theae methods of estracting the silver and gold from old 
solutions of cyanide of potassiam by the dry procesa, present this 
advantage, that the operator is not incommoded, while working, by 
the diaengagement of vapours of hydrocyanic acid. In these operations, 
the poiaonoua gases are uot developed as they are in the processes for 
extracting the metals by the wet process. 

243. "After the eiperimenta here reported, those who are interested 
in the Bubjeot may choose for themselves which of these methods 
appear the most suitable to the circamstaucea in which they are 
placed, anil the object which they wish to attain. 

214. "Means of RecoceTing Gold or Silver, by M. BoUey. — Cyanida 
of gold dissolved in an excess of cyanide of potassium resists all the 
means whioh we have tried to separate them; and hydrosulphnrio 
acid, for example, does not produce a preoipitate. By the wet method 
we cannot always precipitate the gold completely, and for that reason 
MM. B<8ttger, Hessenberg, Eisner, and others, propose to evaporate 
the liqnid to dryness ; mix the residue with its own weight of litharge, 
fuse the mixture at a strong red heat, then dissolve the lead from the 
alloy by boiling it a long time with dilute nitrio acid, which leaves 
the gold in the form of a light sponge. 

245. " M. Wimmer has more cecently proposed to evaporate the 



solntioa ta drjaeas in a water bath, than raia the residua with one and 
a-haH times its weight of Baltpatre, and introdace the mixture hy 
email portions at a time into a Hasaian oranible, heated to redness in 
order to cause exploaions, and to oontinne this until the entire mass is 
in B state o( qnita fuaion, 

24e. " The first oE these two prooesfles does not give room for any 
objeotion, except in tha employment of a great heat, and the use of 
nitric acid ; the second prooeas is, on the contrary, diaagroeable, and 
Tery uncertain. We know that saltpetre never esplodes with mora 
violence than with cyanide of potassium ; and, nothwith standing that 
the inventor of the process advises ns not to add more than small 
portions oC the mixture at a time, the explosions are so powerful that 
they oannot be oansed without loss of materials. 

21^7. " Tha following process is applicable on the small scale with a 
spirit lamp and a craoibile of platinum: — Evaporate the solntion to 
dryness, mix the saline mass with its own weight of sal-ammoniac, 
and heat it gently; ammoniacal salts decompose, as we have said, the 
metallio cyanides, and form cyanide of ammonia, which is itself de- 
composed by the heat and volatilized, whilst the acid of the ammoniacal 
salts (the body which sall£ea the ammonia) combines with the metals 
(passed to the state of the oxides) which were previously united to the 
oyanogen. Tke sal ammoniac then in this case forms chloride of potas- 
sium and chloride of gold, and, if the salt contains ferrocyanida ot 
potassium, chloride of iron in addition. The chloride of gold is easily 
docotnposed; the chloride of iron is partly decomposed, and leaves 
Glide of iron in beautiful crystalline spangles. The undecomposed 
portion of the chloride of iron, like the chloride ot potassium, may, 
after the decomposition is finished (which only requires a low red heat), 
be washed away by water, leaving the gold in the form of a hght 
coherent mass, and the iron in small spangles, whiuh maybe removed 
by mechanical means. 

2i9. "Ifwefear that alittle of the gold remains mixed with the 
iron in a pulvernlent state, we may dissolve it in hot aqua ragia, and 
precipitate the gold from the resulting solution by adding to it a soln- 
tion ot protoaulphate of iron; bat this appears superfluous, and 1 
am assured, by evaporation of given volumes ot the same solution o( 
gold, the evaporation and calcination ot the sal-ammoniao, and other 
operations, that we have collected in a suf&oiently exact manner all 
tha gold of these solutions. 

2J9. " Tha same process is applicable to the solntion ot silver; and, 
independently ot tha oxide of iron (of the ferrocyanide of poti 
wa obtain chloride of silver, which is soluble in aqueous 
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